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The usefulness of hormonal therapy in cancer of the breast and pros- 
tate (1,2) suggested the possible effectiveness of steroid hormones in alter- 
ing the clinical manifestations of cancer of the cervix uteri. In selecting 
progesterone as a steroid hormone for clinical trial, we were influenced by 
certain prior experimental findings with this substance. A lesion entirely 
comparable to cervical cancer had not been experimentally produced in 
the primate, but Overholser and Allen (2) and several othér observers 
(4, 5) had shown that prolonged estrogen stimulation in the monkey 
produced a marked squamous metaplasia of the cervical glandular 
epithelium. Moreover, Hisaw and Lendrum (4) had shown that such 
estrogen-induced metaplasia could be entirely prevented by the simul- 
taneous administration of progesterone. Thus, what had been interpreted 
by many as a precancerous lesion in the cervix could be markedly altered 
by progesterone. 

Lipschutz, Murillo, and Vargas (6) demonstrated that estrogen admin- 
istration would lead to the formation of uterine fibroids in the guinea pig. 
They also observed that progesterone given along with estrogen would 
prevent the formation of such estrogen-induced fibromyomas. They 
referred to this effect as the “anti-tumorigenic” action of progesterone. 


1 Received for publication August 28, 1950. 

2 This work was supported in part by a grant from the National Cancer Institute, U. 8. Public 
Health Service and by a grant from the American Cancer Society on the recommendation of 
the Research Committee. 
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Goodman (7) reported a decrease in size of fibroid tumors in 7 patients 
treated with progesterone. Segaloff, Weed, and Parson (8) observed no 
radiographically demonstrable change in the size of fibroid tumors in 
3 cases. 

Gardner (9) has shown that the development of cervical cancer in 
certain strains of mice is dependent upon estrogen administration. Hertz, 
Larsen, and Tullner (10) observed that progesterone could quantitatively 
suppress active tissue proliferation in the genital tract of the estrogen- 
treated bird. 

In view of these experimental findings indicating an antitumorigenic 
and growth-suppressant action of progesterone, a clinical study of the 
effect of progesterone * on carcinoma of the cervix was undertaken. 


MATERIALS AND METHODS 


Seventeen patients were selected from the Gynecology Clinic of the 
George Washington University Cancer Service. Their clinical status 
was determined at the time of their entrance into the study in accordance 
with the League of Nations’ classification for cervical cancer (17). All 
diagnoses were confirmed by biopsies that were unequivocally interpreted 
as indicating the presence of malignancy. Only patients who presented 
clearly visible lesions were selected for this study in order that periodic 
photographs would permit objective appraisal of the progress of the 
visible portion of the carcinomatous process. 

All of these patients were examined carefully each week. Since no 
lesion was observed to progress during the period of study, the delay 
preceding definitive surgical treatment was considered to be in keeping 
with optimum clinical management of each case. 

All patients were given 250 mg. of progesterone in 5 cc. of oil intramus- 
cularly daily for varying periods as indicated in table 1. 

The following observations were made on all patients just prior to and 
at frequent intervals during the course of progesterone administration: 

1. Photographs of the cervix taken with the aid of a Coreco camera 
under conditions of fixed illumination and magnification. 

2. Daily urinary excretion of sodium pregnandiol glycuronidate as de- 
termined by the method of Somerville e¢ al. (12). 

3. Weekly pelvic examinations noting the visible and palpable changes 
in the cervix and parametria, with special emphasis on the color and size 
of the lesion, its mobility and friability, and the presence or absence of 
active bleeding. 

4. Weekly appraisal of the patient’s general clinical status with respect 
to (a) vaginal bleeding or discharge, (b) pain, (c) feeling of well being, 
(d) appetite, (e) urinary function, (f) bowel function, (g) body weight, 
and (h) possible local or systemic effects of the progesterone. 

Immediately after the completion of the progesterone study, 14 of these 


* Progesterone used in these studies was provided by the Schering Corporation through the 
courtesy of Dr. E. L. Henderson. 
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patients were afforded definitive surgical management as indicated.* One 
patient who presented far advanced disease (#2) and was considered not 
to be amenable to any other form of therapy was continued on progesterone 
until she died. One patient (#1) discontinued attendance at the clinic 
several months following her 153-day course of progesterone. 

The age, color, clinical classification, duration of progesterone treat- 
ment, and other pertinent features of each case are set forth in table 1. 


RESULTS AND DISCUSSION 


In such a widely varying and yet limited body of clinical material it 
is difficult to make general observations. Nevertheless, certain changes 
in the clinical and morphological features of the lesions in the progesterone 
treated patients occurred with sufficient frequency to warrant description. 

In 11 of the 17 treated patients, visible and palpable evidence of 
regressive alteration of the tumor mass could be demonstrated. This con- 
sisted of (a) distinct reduction in size of the visible portion of the cancer 
as well as reduction of the palpable extent of the mass, (b) reduction in 
vascularity and friability of the visible lesion with a clearly demonstrable 
epithelization of previously raw surfaces, and (c) markedly increased 
pliability of the previously rigid and infiltrated parametria. Figures 1 
and 2 (case +16) illustrate the reduction in size of the largest lesion we 
have studied. Figures 3 and 4 illustrate the regression of an early lesion 
under the influence of progesterone in case #11. Figures 5 and 6 (case 
+13 represent a less marked but more frequently observed type of regres- 
sive change. 

In 10 cases there was associated with this type of gross change a reduc- 
tion in, or complete cessation of, vaginal bleeding and discharge. 

Routine histopathological study of the biopsy and surgical specimens 
has not indicated the morphological basis for the observed changes. 
A subsequent report will present a detailed histopathological study of 
serial blocks of the material from all of these cases. 

Only one of the 17 patients (#1) showed active progression of the 
carcinomatous process while under progesterone administration. The 6 
patients whose lesions failed to show clearly demonstrable regressive 
changes showed minor alterations in size and vascularity of insufficient 
degree to be convincing to all clinical observers concerned. Nevertheless, 
none of the lesions under study appeared to be accelerated by progesterone. 

Only one untoward side-reaction was observed. This was in a patient 
who proved allergic to the vegetable oil used as a vehicle for the proges- 
terone. Injections were discontinued after 3 days and this patient is 
therefore not included in the present series. Otherwise the progesterone 
was well tolerated in all respects. However, the necessity for daily ad- 
ministration of 5 cc. of oil intramuscularly in some cases led to difficulty 
in varying the site of injection and this made the patient somewhat un- 
comfortable. It is noteworthy that 3 patients who were menstruating 


4 We will subsequently present a detailed report on the surgical aspects of thse studies. 
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regularly before treatment continued to menstruate during the course of 
such massive dosage with progesterone (table 1). 

The percentile recovery of the total dose of administered progesterone 
in the form of urinary pregnandiol is tabulated for 11 cases in table 1. 
These figures are in good agreement with comparable data reported by 
Marrian and Sommerville (73) for normal adult females. This indicates 
that by this admittedly crude measure, the patient suffering from cervical 
carcinoma metabolizes progesterone in a grossly normal manner. 

We do not consider the regressive changes observed to be sufficient to 
indicate the use of progesterone as a therapeutic agent in carcinoma of 
the cervix. Nevertheless, these effects do indicate that cervical carcinoma 
can be substantially altered by steroid hormone administration. In some 
instances these changes have been somewhat comparable to the hormone- 
induced regressions seen in breast carcinoma under estrogen therapy (7). 
Such phenomena constitute a chemotherapeutic lead, indicating the gen- 
eral class of compound which may in time prove efficacious as a truly 
therapeutic agent. In this connection, Lipschutz (1/4) has surveyed a 
large series of steroids for “anti-tumorigenic action.”” He concludes that 
antitumorigenic action is not related to biological hormonal activity. 
He adds that “there is place for the hope that anti-tumorigenic steroids 
having no other pharmacological action may be obtained by chemical 
synthesis.” 

Our limited observations reviewed in the light of these experimental 
findings will serve as a basis for further study of the effect of this family 
of steroid compounds upon the clinical manifestations of cervical cancer. 


REFERENCES 


(1) NATHANSON, I. T.: The relationship of hormones to diseases of the breast. In 
Endocrinology of Neoplastic Diseases. Oxford University Press, New York. 
p. 138, 1947. 

(2) Hueorns, C.: Anti-androgenic treatment of prostatic cancer in man. In Ap 
proaches to Tumor Chemotherapy. Am. Assn. Adv. Sc., Washington, D. C. 
p. 379, 1947. 

(3) OverHotseRr, M. D., and ALLEN, E.: Atypical growth induced in cervical epithe- 
lium of monkey by prolonged injections of ovarian hormone combined with 
chronic trauma. Surg. Gynec. & Obst. 60 : 129-136, 1935. 

(4) Hisaw, F. L., and Lenprum, F. C.: Squamous metaplasia in the cervical glands 
of the monkey following oestrin administration. Endocrinology 20: 228-229, 
1936. 

(5) Enete, E. T., and Smita, P. E.: Some uterine effects obtained in female monkeys 
during continued oestrin administration, with special reference to cervix 
uteri. Anat. Rec. 61: 471-483, 1935. 

(6) LiepscHutz, A., Muro, R., and Vareas, L., Jr.: Antitumorigenic action of 
progesterone. Lancet 2 : 420-421, 1939. 

(7) Goopman, A,L.: Progesterone therapy in.uterine fibromyoma. J.Clin. Endocrinol. 
6: 402-408, 1946. 

(8) Secatorr, A., WEED, J. C., and Parson, W.: Progesterone therapy of uterine 
fibromyomas, J. Clin. Endocrinol. 6: 699-700, 1946. 

(9) GarpNer, W. U., ALLEN, E., SmirH, G. M., and Strone, L. C.: Carcinoma of the 
cervix of mice receiving estrogens, J. A. M. A. 110: 1182-1183,, 1938. 














PROGESTERONE AND CERVICAL CANCER 873 


(10) Hertz, R., Larsen, C. D., and TuLitner, W. W.: Inhibition of estrogen-induced 
tissue growth with progesterone. J. Nat. Cancer Inst. 8: 123-126. 1947. 

(11) CrosseEN, H. §., and CrosseEn, R. J.: Disease of Women. C. V. Mosby Co., St. Louis, 
1935. 

(12) SoMMERVILLE, I. F., GouGH, N., and Marrian, G. F.: Quantitative determination 
of small amounts of pregnandiol in human urine. J. Endocrinol. 5: 247-257, 
1948. 

(13) SoMMERVILLE, I. F., MARRIAN, G. F., Dutute, J. J. R., and Srncrarr, R. J. G.: 
Abnormality in steroid metabolism associated with rheumatoid arthritis. 
Lancet 258: 116-117, 1950. 

(14) LipscHuTz, A., IcLEs1as, R., Bruzzone, S., FUENzILDA, F., and Riesco, A:: 
New experimental aspects of the antifibromatogenic action of steroid hormones. 
Texas Reports on Biology and Medicine 6: 3-20, 1948. 





874 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


PLATE 91 * 
Ficure 1.—Case #16. Initial appearance of lesion. 
Ficure 2.—Case #16. After 65 days on progesterone. 
Figure 3.—Case #11. Initial appearance of lesion. 
Ficure 4.—Case #11. After 31 days on progesterone. 
Figure 5.—Case #13. Initial appearance of lesion. 
Ficure 6.—Case #13. After 50 days on progesterone. 


*Photographs represent actual size of lesion. 
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STUDIES ON THE BLOOD SUPPLY OF 
TUMORS IN MAN. I. FLUORESCENCE 
OF CUTANEOUS LESIONS *? 


Howakp R. BrerMAN, KEITH H. KELLy,* KENNETH S. Don,‘ 
and RatpH L. Byron, Jk., Laboratory of Experimental 
Oncology, National Cancer Institute, National Institutes 
of Health, U. S. Public Health Service, and the Division 
of Medicine and the Cancer Research Institute, University 
of California School of Medicine, San Francisco, Calif. 


The continued growth of most neoplasms is dependent in part upon the 
blood supply. The vascular reaction about neoplastic transplants in mice 
appears shortly after the implantation (7,2). Wood et al. (3, 4) demon- 
strated an increased blood supply via the bronchial arteries in primary 
malignancies of the lung in contradistinction to metastatic pulmonary 
tumors, which receive their blood mainly from the pulmonary arteries. 
The vascularity of some tumors is a well known fact and, at operation, 
excessive enlargement of arteries leading to tumor areas is frequently 
noted. Moore (5) has demonstrated an apparent affinity of brain tumors 
for fluorescein, in vivo, and recently, Breedis and Young (6) have shown 
by perfusion of the liver obtained at post mortem an apparent preferential 
arterial blood supply of spontaneous, transplanted, or metastatic neo- 
plasms in this organ, in contrast to the predominantly venous supply to 
the uninvolved parenchyma. These findings have been confirmed in this 
laboratory.’ This report deals with studies in vivo of the afferent blood 
supply of neoplasms and other lesions in the skin as demonstrated by 
fluorescein. 


METI OD 


Eighteen patients with neoplastic lesions involving, or presenting 
through, the skin were studied. Three to ten cubic centimeters of 5 per- 
cent fluorescein * were injected rapidly into a major artery leading directly 
toward the tumor site. In 3 patients the fluorescein was given intrave- 
nously on 5 occasions. The time of appearance and duration of the fluo- 


1 Received for publication August 29, 1950. 

2Supported in part by Research Grant C-396 from the Division of Research Grants and 
Fellowships of the National Institutes of Health, Public Health Service, and Institutional Grant 
43 from the American Cancer Society, Inc. 

> Damon Runyon Fellow. 

* American Cancer Society Fellow. 

5 Ortega, P., and Bierman, H. R.: Unpublished data. 

* Fluorescein, 5 percent, with sodium bicarbonate, 5 percent (Fluorescite). C. F. Kirk 
Company, New York, N. Y. 
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rescence was observed under ultraviolet light. The areas of fluorescence 
were outlined with indelible ink on the skin under ultraviolet light and, 
after the room was relighted, the relationship to the active lesions was 
recorded. In some instances, the fluorescein was injected through an 
intra-arterial catheter (7). In most cases, however, the dye was injected 
directly into a large peripheral artery, e. g., femoral or brachial. 


RESULTS 


Eighteen patients were studied with 37 intra-arterial and 5 intravenous 
injections of 5 percent fluorescein (table 1). In general, the neoplastic 
lesions directly involving skin (mycosis fungoides, lymphoepithelioma) 
began to fluoresce a bright yellow color within 3 to 15 seconds after intro- 
duction of the fluorescein into the artery. This color further intensified 
during the injection period, and after 2 to 4 minutes, the normal tissue 
adjoining the lesions exhibited no fluorescence or only a minimal amount. 
(figs. 1 and 2). The luminescence of the neoplastic lesions lasted for 1 or 
2 hours, with slight decrease in intensity during this period. The fluo- 
rescence of histamine wheals employed as controls disappeared within 20 
minutes, as did most of the fluorescence in the uninvolved skin. In 4 cases 
where cutaneous ulceration existed, fluorescent material was wiped from 
the open lesions shortly after intra-arterial injection. Fluorescence of 
areas and lesions in other parts of the body of these patients was barely 
discernible. In 2 cases (GH, HA) new metastatic lesions showed mod- 
erate uptake of the dye after recirculation. Old necrotic lesions exhibited 
no luminescence (figs. 3 and 4). Lesions that had been previously treated 
intensively by X-ray or nitrogen mustard fluoresced poorly or not at all 
(figs. 5 and 6). The lesions of Kaposi’s sarcoma showed no fluorescence 
(figs. 7 and 8). 

Fluorescein in identical amounts was injected intravenously before, and 
twice after, 15 mg. of triethylmelamine was administered orally in one case 
(HA), on three separate occasions. Initially, the cutaneous lesions showed 
fluorescence after 90 seconds with the intensity reaching its maximum 2 
minutes thereafter and persisted for 2 hours. There was a marked de- 
crease in luminescence of the same lesions following the second injection of 
fluorescein as compared with the initial injection before melamine was 
administered 5 days previously. The third injection of fluorescein, 29 
days later, showed a return to the original fluorescence. 

In general, the fluorescence was limited to the neoplastic lesions, closely 
following their borders (table 1). In a few instances, however, there was 
a discrepancy between the fluorescene and the visible limits of the lesions 
of mycosis fungoides in that the brilliance of the yellow color varied within 
the lesions and occasionally was out of the area of a visible lesion. There 
was no uptake of intravenously administered fluorescein by lesions that 
were thought to be infiltrations of Hodgkin’s disease. It was also possible 
to prevent fluorescence of an area completely, either involved or normal, by 
manual pressure, presumably by obliterating the capillaries. 
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In four instances there was an absence of fluorescence in areas previously 
treated with intra-arterial nitrogen mustard. 

The disappearance of luminescence after 2 hours was gradual and in 
proportion to the intensity; 7. e., it took longer for those lesions that 
fluoresced brightly to lose the dye than those with less brilliance. The de- 
crease in luminescence occurred uniformly throughout the lesion, although 
in a few instances the center of the lesions lost the yellow color first and 
the periphery lost it last. 


DISCUSSION 


Algire (1) has found that proliferation of vascular tissue develops 
promptly about a neoplasm during its enlargement. Similarly, the 
arterial blood supply to some neoplasms is greater, in proportion, than to 
comparable normal tissues of the same volume (8). One must interpret 
the findings first, from the time of initial fluorescence and, second, from 
its later intensification. Since the material was introduced into the largest 
artery leading into the involved leg, and since in most instances the ap- 
pearance of the fluorescence in and about the neoplastic lesion appeared 
within 3 to 15 seconds after the injection was initiated and many seconds 
before it was seen in the uninvolved areas (depending upon the rate of 
injection), it is most suggestive that the afferent blood supply to those 
neoplastic lesions is increased. In addition, the further intensification 
of the fluorescein in a neoplastic lesion under direct observation, is prob- 
ably due to an altered vascular permeability. It is, therefore, reasonable 
to anticipate that either radiopaque media or fluorescein would reach the 
neoplastic tissue by arterial administration in greater concentration than 
uninvolved areas. This has already been shown to be true in the vascular 
patterns demonstrated by arteriography of intracranial and visceral neo- 
plasms (7,9). The rapid and apparently selective appearance of rela- 
tively large amounts of fluorescein in the lesions of mycosis fungoides fol- 
lowing arterial injection is likewise indicative of an increased arterial 
blood supply to the involved areas. Such vascularity is not limited ex- 
clusively to tumors nor does it occur in all neoplasms as was demonstrated 
in these studies. The prompt appearance of fluorescein in the lesions 
supplied by the artery into which the dye had been given is not unusual 
or unexpected. However, the marked luminescence evident in and sharply 
confined to the lesion as compared to the surrounding uninvolved skin or 
histamine wheal is indicative of a characteristic, increased, arterial blood 
supply. 

The persistence of the fluorescence in the lesions long after it had 
vanished in the histamine wheals and uninvolved skin, is suggestive of 
increased capillary permeability within the immediate vascular supply 
of the lesion. It would appear reasonable to expect an increased diffusion 
rate and altered capillary permeability to operate mostly during the 
slower phase of increasing intensity, and when any material injected into 
an artery leading to any tissue appears in greater concentration in the 
tumor (as judged under direct vision) before it does in the immediate 
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involved area, within a matter of a few seconds, it would appear that it 
does so because there are larger, and more, channels leading to that tumor. 

In 4 instances where the tumor nodules were ulcerated, fluorescent 
material was easily demonstrated on cotton swabs that had been gently 
drawn across the surface of the ulcer. Whether this apparent increased 
permeability of the vessels within the tumor is responsible for the alleged 
preference of neoplasms for fluorescein (5) or whether the tumor itself 
exerts some selective influence upon substances circulating through tumor 
tissue, cannot be proved at present. Some neoplasms show a selective 
uptake of radiophosphorus (P**), which persists for 24 to 48 hours 
(10, 11). Inflammatory lesions of the breast show an even greater dif- 
ferential uptake for radiophosphorus. The increased vascularity and 
altered capillary permeability of such lesions must be considered in an 
interpretation of the selectivity of neoplasms for injected materials. 

While it is difficult to state quantitatively the intensity of fluorescence, 
it is nevertheless possible to determine the relative difference of brightness 
in comparable areas. The intensity of the fluorescence under these condi- 
tions appears to be directly related to the amount and concentration of 
dye that is injected. It is also apparent that lesions supplied arterially 
with fluorescein in high concentration exhibited luminescence throughout, 
while lesions beyond the direct arterial blood supply received the fluores- 
cein in much lower concentrations after recirculation, and fluoresced 
proportionately less and then only at the periphery. After 30 minutes to 
1 hour, these lesions showed luminescence throughout but always much 
less in degree than those lesions receiving the dye by direct arterial 
injection. 

The absence of fluorescence of lesions previously treated with X-ray 
irradiation, confirms the fact the X-ray irradiation decreases the vascular 
supply of neoplasms, reducing its main nutritional source and consequently 
curtailing its rate of enlargement or reducing its mass until the necessary 
level of vascular supply is re-established. Lesions previously treated with 
intra-arterial nitrogen mustard similarly failed to fluoresce. 

Although it has been confirmed that arteries leading to neoplastic areas 
are frequently enlarged and increased in number, the fundamental cause 
for this proliferation remains obscure. That the vascular proliferation 
results in an increase of oxygenated blood to neoplasms, which can 
metabolize under relatively anaerobic conditions, appears to be unneces- 
sary. However, the rate of transfer and utilization of this increased 
oxygen supply remains obscure. 

The increased vascular reaction about neoplasms appears to be at the 
advancing edge of the lesion, or in its most active area. Tumors that 
enlarge rapidly often push back the increased number of capillaries at the 
periphery so that a pseudocapsule may be formed about the tumor. 
Central necrotic areas of tumor nodules show little, if any, fluorescence, 
which may prove its avascularity and may be responsible for the tissue 
degeneration. However, some smaller lesions did fluoresce and although 
they were not as soft as the larger lesions they were probably necrotic. 
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Figure 4 was taken 20 minutes after the injection of fluorescein. How- 
ever, if certain necrotic lesions possess connections with the vascularity in 
the periphery, then it is possible that the fluorescein would make its way 
into the necrotic area, probably more so in the smaller lesions. This 
occurred in some ulcerated lesions as noted. It is interesting to note that 
at the time figure 4 was taken the histamine-wheal control area in the 
lower part of the leg no longer showed fluorescein. The persistence of 
fluorescence is probably a function of capillary permeability, including 
diffusion rate, tissue fixation, etc. 

Cutaneous neoplastic lesions have been observed to be definitely warmer 
than the surrounding normal tissue, affording additional evidence of their 
increased blood flow. The amount of arteriovenous shunting through such 
a single lesion is of relatively little significance with regard to the entire 
body; however, with many large, metastatic lesions scattered throughout 
the individual, particularly in bone, the total amount of arteriovenous 
shunting may become considerable. These shunts and their effect on the 
cardiovascular dynamics of the patient have already been demonstrated 
in extremities (72). Such vascularity is not limited exclusively to tumors. 

If such increased arterial proliferation is present, it may be advisable 
to administer the most promising chemotherapeutic agents by arterial 
routes leading to the neoplasm (13). Higher concentrations may be 
attained in the blood leading to the involved area by this procedure. 
Whether any of the chemotherapeutic agents will affect the tumor pro- 
portionately to their concentration remains to be determined. Further- 
more, the length of time the therapeutic agent is kept in contact with the 
lesion is obviously of considerable importance. Substances that are re- 
moved promptly in the lesions, or that expend their effect rapidly 
(e. g., nitrogen mustard and short-lived radioisotopes), or that directly 
affect the capillary bed of the tumor [such as bacterial polysaccharides 
(14) ] offer desirable approaches. Methods to slow the venous return or 
enhance the afferent flow may further exploit this suggestion for therapy. 

The data obtained demonstrate the necessity of determining the presence 
and amount .of afferent supply to the lesions to be treated. Previous 
therapy by irradiation, nitrogen mustard, triethylmelamine, and bacterial 
polysaccharides, at least in some instances, may reduce the arterial supply 
to cutaneous neoplasms. It is also likely that some cutaneous neoplasms 
will not possess an increased arterial blood supply. If intra-arterial 
therapy is contemplated, some measure of the vascularity of the lesion 
should be determined either by dye, radioisotope, temperature, or other 
suitable means. 

SUMMARY 


Eighteen patients with cutaneous lesions, mostly neoplastic, have been 
studied following 42 intravascular injections of fluorescein. 

The arterial blood supply to most primary, cutaneous tumor areas was 
demonstrated to be greater than to normal tissues as judged by the 








884 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


fluorescein appearing in tumor areas more quickly, remaining longer, and 
in greater concentration than in surrounding tissues. Necrotic meta- 
static lesions did not fluoresce as promptly nor as brightly as those of 
mycosis fungoides or lymphoepithelioma. 

Previous surgery, X-ray irradiation, nitrogen mustard, and, in one 
~ase, therapy with triethylmelamine materially decreased the fluorescence 
of cutaneous lesions. 

The suggestion was made that some chemotherapeutic agents may be 
more advantageously given via the arterial route, delivering higher con- 
centrations directly to appropriate neoplastic tissues. It is essential that 
the vascularity to lesions be determined before intra-arterial adminis- 
tration of these chemotherapeutic agents is attempted. 
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PLATE 92 


“IGURE 1.—F. S. Male, age 38. 


Mycosis fungoides. 
lower extremities. 


Extensive lesions involving both 

Lesions of right upper thigh were previously treated by intra- 

arterial nitrogen mustard. 

“IGurE 2.—F. S. Under ultraviolet light fluorescein injected in the right femoral 

artery. Note intensive luminescence of the active lesions of midthigh and below 

the knee and the absence of fluorescence in the upper right thigh in the area previ- 
ously treated with arterial nitrogen mustard. 

“IGURE 3.—G. H. Female, age 38. Melanosarcoma. Extensive skin metastases, 

“IGurRE £—G. H. Under ultraviolet light lateral area of left thigh following the 
injection of fluorescein into the left femoral artery. Intensive fluorescence in the 


new Jesions with absence of fluorescence in the large recrotic lesions within the 
luminescent area of the thigh and leg. 
FIGURE 5.—A. C. Female, age 51. 


Mycosis fungoides. Intensively treated 
X-ray therapy and intravenous nitrogen mustard. 
“IGURE 6.—A. C. 


with 


Under ultraviolet light following administration of fluorescein into 
the right femoral artery. Intensive fluorescence of new lesions without fluores- 
cence in most of the area of the extremities. This film was overexposed to accen- 
tuate the minimal fluorescence of the skin. 
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PLaTE 93 
Figure 7.—M. 8. Male, age 66. Kaposi's sarcoma. 


Figure 8.—M. 8. Absence of fluorescence of lesions of Kaposi's sarcoma following 
arterial injection of fluorescein. 
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STUDIES ON THE BLOOD SUPPLY OF 
TUMORS IN MAN. II. INTRA-ARTERIAL 
NITROGEN MUSTARD THERAPY OF CU- 
TANEOUS LESIONS *? 


HowarpD R. Bierman, M. D., KeitH H. Ketty, M. D.,5 
Rawtpu L. Byron, Jr., M. D., KenNeta S. Don, M. D.,* and 
MICHAEL B. SHIMKIN, M. D., Laboratory of Experimental 
Oncology, National Cancer Institute, National Institutes 
of Health, U. S. Public Health Service, and the Division 
of Medicine and Cancer Research Institute, University of 
California School of Medicine, San Francisco, Calif. 


The arterial blood supply of some cutaneous neoplasms has been shown 
to be increased, affording a direct route for the administration of chemo- 
therapeutic drugs (7, 2, 3). Im addition, the capillaries within some 
neoplasms possess permeability that allows the prompt and prolonged 
appearance of fluorescein and certain radioisotopes in the lesions (1, 4, 5). 
Such enhanced passage of intra-arterial substances into tumor tissue may 
also pertain to chemotherapeutic materials. The administration of sub- 
stances into the proper artery would direct a high concentration of these 
materials to those lesions that have an increased arterial vascularity. The 
preference or selectivity of various agents for specific tumors may further 
enhance the concentration of such an agent in the tumor if, in addition, 
the agent is presented directly to the lesion (4). The toxic effects of 
chemotherapeutic substances upon the rest of the body (e. g., bone marrow, 
liver, kidneys, etc.) consequently may be materially reduced, since an 
appreciable amount of the agent may be fixed in the tumor tissue and the 
remainder would be well diluted during recirculation. The amine mus- 
tards meet these criteria and were selected for the initial studies. 

Methyl-bis (beta-chloroethyl) amine (HN2)* has been given intra- 
venously in many clinics over the past 5 years and the hematologic and 
therapeutic effects have been well described (6). This report deals with 
the therapeutic and hematologic changes observed following the intra- 
arterial administration of methyl-bis (beta-chloroethyl) amine (HN2) 
in patients with primary or metastatic neoplastic lesions involving the 
skin. 

’ Received for publication September 13, 1950. 

2 Supported in part by research grant C-396 from the Division of Research Grants and 
Fellowships of the National Institutes of Health, U. S. Public Health Service, and the American 
Cancer Society, Inc., Institutional Grant 43. 

? Damon Runyon Fellow. 

* American Cancer Society Fellow. 


5 Hereinafter also referred to as nitrogen mustard and HN2. Kindly furnished by Merck & 
Company, Rahway, N. J. 
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METHODS AND PATIENTS 


Seventeen patients who had cutaneous lesions that could be visually 
observed and measured were selected for this study. The clinical and 
hematologic status of the patients was carefully documented prior to the 
administration of HN2 and followed closely thereafter. The appropriate 
brachial or femoral artery was injected when lesions of the extremities were 
available for study. Elsewhere, intra-arterial catheters were manipulated 
into the appropriate artery (7). Fluorescein was injected first to deter- 
mine the vascularity of the lesions whenever feasible (7). 

The amine mustard (HN2) was dissolved in normal saline and admin- 
istered promptly in a concentration of 1 mg. per cc. at a rate of approxi- 
mately 10 mg. per minute. 

RESULTS 


A total of 42 separate injections of HN2 (5 mg. to 80 mg., 0.1 to 1.0 
mg. per kg.) were given to 17 hopelessly incurable patients with far 
advanced neoplastic lesions involving the skin. Twenty-seven infusions 
were given intra-arterially and 15 intravenously; 6 patients had both 
intravenous and intra-arterial injections. 

There was no subjective complaint of discomfort during the admin- 
istration of the nitrogen mustard into arteries in any instance, and no 
evidence of irritation at the injection site in arteries was detected at 
post-mortem examination in 10 patients. Three patients are living, and 
permission for examination in the remaining 4 patients could not be 
obtained. In general, improvement was most marked in those lesions 
that previously had fluoresced brightly. Those lesions previously treated 
intensively by X-ray or intra-arterial HN2 did not reveal an increased 
vascularity, and correspondingly showed little response to the intra- 
arterial HN2. 

The effects of the intra-arterial administration of nitrogen mustard in 
mycosis fungoides was prompt and dramatic in those areas injected in 
three of four patients (figs. 1 and 2). The raised erythematous lesions 
flattened within 4 to 7 days, became indurated, and faded to a dull brown 
color in the subsequent 2 weeks. This was in contrast to the intravenously 
administered nitrogen mustard in which the effects on the lesions were 
more gradual, less marked, and of shorter duration. In the extremities 
treated with HN2 intra-arterially, no new lesions appeared in previously 
involved areas but recurrences were observed later in previously unaffected 
areas. The new lesions did not encroach upon the areas previously re- 
solved by the intra-arterial nitrogen mustard. The resolved lesions also 
failed to fluoresce following intra-arterial administration of 10 ec. of 5 
percent fluorescein. The fourth patient (AC), who exhibited little im- 
provement after intra-arterial HN2, had previously been treated inten- 
sively with X-ray and intravenous HN2 and showed increased vascularity 
with fluorescein in only a few lesions. These vascular lesions promptly 
improved following intra-arterial HN2. 
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Nitrogen mustard, 0.3 to 0.4 mg. per kg., administered to the lower 
extremities via the femoral artery produced no swelling or hyperesthesia 
of the extremity distal to the site of the injection. Swelling of the tissues 
of the forearm appeared distal to the site of brachial-artery injection in 
one instance (FA) within 8 hours after the administration of 0.3 mg. of 
nitrogen mustard per kg. of body weight. There was an associated hyper- 
esthesia persisting for 2 or 3 days, but no changes occurred in the radial 
pulse. All swelling subsided within 10 days, and improvement in the 
lesions of the forearm became quite evident, which was in contrast to the 
result obtained in this patient following the intravenous injection of the 
same dose (0.3 mg. per kg.) of nitrogen mustard. 

In four patients who had open ulcerated areas, fluorescent material in- 
jected intra-arterially prior to the administration of the therapeutic agent 
could be wiped from the ulcerated surfaces. These also were found to 
respond favorably to HN2 administered into the same artery. One pa- 
tient (AP) had such an area of approximately 200 sq. cm. on the lower 
extremity (fig. 3). Injection of HN2, 0.3 mg. per kg. of body weight, 
into the left femoral artery was followed by prompt improvement and 
epithelization (fig. 4). 

In one individual (EU) a catheter was introduced into the right internal 
mammary artery from the left femoral artery (7). Diodrast (70 percent) 
injected through the catheter revealed the blood supply to the tumor mass 
overlying the sternum (fig. 5). The skin supplied by this artery, includ- 
ing the right half of the metastatic mass over the sternum, was outlined 
following the injection of 5 percent fluorescein through the catheter 
(fig. 6). Nitrogen mustard, 0.6 mg. per kg. of body weight, was then 
injected into this artery. The catheter was next moved to the right 
thyrocervical axis, where injections of Diodrast (35 percent) and fluores- 
cein demonstrated the areas supplied by this artery, including a metastatic 
tumor in the right trapezius muscle (fig. 7). Nitrogen mustard, 0.4 mg. 
per kg. of body weight, was injected into the right thyrocervical artery. 
During the next few hours erythema and diaphoresis appeared in the skin 
areas that had fluoresced. Bullae appeared the next day (fig. 8), and the 
areas progressed rapidly to a slough resembling that from a third degree 
burn (figs. 9 and 10). The tumor mass of the right-shoulder area com- 
pletely disappeared within 6 days, and the sternal mass decreased in size 
from 6 by 4 cm. before treatment to 2 by 1 cm. within a week following 
therapy (fig. 9). Repeated biopsies from both right and left halves of 
the tumor revealed only necrotic material in the remaining mass. The 
mass in the trapezius muscle did not reappear, but the sternal tumor mass 
recurred in approximately 1 month (fig. 10). 

One other slough was observed in a 36-year-old woman with a frozen 
pelvis from an advanced carcinoma of the cervix who received HN2 via 
an intra-arterial catheter. Previous surgery had shunted much of the 
blood flow away from the pelvis to the skin areas. Fluorescein brilliantly 
outlined the surface area of supply by the inferior gluteal artery. A large 
part of the 50 mg. of HN2 administered reached this skin area and after 
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an immediate period of erythema and vesiculation a large nonhealing 
slough resulted within 3 weeks. 

In all cases, routine blood counts were done at frequent intervals. The 
total leukocyte counts were somewhat variable, but in the five patients 
treated with alternate intravenous and intra-arterial HN2, the depression 
of the leukocyte count following the intra-arterial HN2 was markedly 
less than that observed after the intravenous injections. In addition, the 
duration of the leukopenia was shorter following the intra-arterial admin- 
istration than by the intravenous route. 

In one patient (FA) who received four consecutive intravenous injec- 
tions of nitrogen mustard, the third and fourth injections produced marked 
and prolonged depression of the number of leukocytes. The fifth injec- 
tion of nitrogen mustard was given intra-arterially and resulted in no 
leukopenia. A sixth injection was given intravenously, resulting in a 
moderate depression of the leukocyte count for a long period. A seventh 
and last injection was intra-arterial and produced little effect on the 
leukocyte count (text-fig. 1). 

Another patient (AP) received 0.3 mg. of nitrogen mustard per kilo- 
gram of body weight into the right femoral artery with only a slight 
depression of the total white count. Fourteen days later he was given 
the same dose intravenously, which resulted in a marked and prolonged 
depression of the total white-cell count. A repeat injection in 25 days 
into another artery resulted in a transient, small decrease in total white- 
cell count. In order to compare the effect of successive intra-arterial 
doses, another arterial injection of HN2 was made 24 days later. This 
resulted in an increase in the number of circulating leukocytes. Thirteen 
days later another intravenous injection of HN2, 0.3 mg. per kg., was 
given, resulting in a marked decreased in the total leukocyte count. This 
patient was then given the same dosage of HN2 intra-arterially 17 days 
following the previous intravenous administration. This resulted in a 
depression of the white-cell count, which returned to original level in 10 
days. Twenty-three days later, the last administration of nitrogen mus- 
tard was given into the descending aorta, to determine the effect on the 
generalized body lesions and to observe variations in the leukocyte count. 
Improvement of the trunk lesions was not as marked as in the extremities, 
but was much more than occurred with intravenous administration. The 
total white-cell count was not depressed, and 10 days later it was above 
the original level. 

DISCUSSION 


The increased vascularity of tumors affords exposure of a large volume 
of tumor to relatively high concentrations of nitrogen mustard when ad- 
ministered directly into the arteries supplying the tumor. This was con- 
sidered the most important factor for the more marked clinical improve- 
ment observed following intra-arterial rather than intravenous nitrogen 
mustard. 

The intra-arterial administration of HN2 in most instances was fol- 
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TEXT-FIGURE 1.—Changes in total leukocyte counts in peripheral blood following intra- 
venous and intra-arterial HN2. Note initial leukocytosis following intra-arterial 
administration. 


lowed by a shorter and less severe leukopenia than with intravenous ther- 
apy. The leukopenia occurred at approximately the same interval after 
arterial injection as that observed following intravenous nitrogen mustard 
therapy. 

The shift of the hemogram both in the peripheral blood and in the bone 
marrow was less with intra-arterial than that observed with intravenous 
administration of HN2. No marked alteration in the bleeding or coagu- 
lation time was observed. 
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Nitrogen mustard is a vesicant when applied to the skin and will throm- 
bose veins if injected in high concentrations. In our studies, no subjec- 
tive reaction was noted at the time of intra-arterial injection. Post- 
mortem examination of the sites of injection in several cases failed to 
reveal any evidence of irritation or damage when the arteries were exam- 
ined grossly and microscopically within periods of a few days to months 
after injection. The delivery of large amounts of HN2 directly to the 
skin resulted in tissue destruction resembling third degree burns from 
heat or X-ray irradiation. This can be obviated by administration of 
smaller total amounts in less concentration when small local areas of the 
skin receive the HN2. External pressure on the skin during the injection 
will also reduce the blood flow through this area and thus prevent nitrogen 
mustard from reaching the skin. 

It was initially anticipated that HN2 would appear free in the ulcerated 
areas, as did the fluorescein. The result was unexpected for the vesicant 
action of HN2 was not observed and healing rather than further destruc- 
tion occurred. The usual nausea and vomiting following nitrogen mus- 
tard was observed to be less frequent and of shorter duration following the 
intra-arterial than after intravenous administration of comparable doses. 

The pulmonary circulation is exposed to higher concentrations of sub- 
stances with intravenous injections than any other capillary bed. Damage 
to those mechanisms that play an important role in the hematologic 
system (8, 9) may disturb the homeostatic balance that normally exists 
and result in the more severe depression of the leukocyte and platelet levels 
noted with intravenous HN2 therapy. Relatively large doses of HN2 
may be administered intra-arterially to a tumor mass avoiding the dilution 
of the HN2, and by-passing the pulmonary circulation at least for the 
first circulation. Nitrogen mustard decomposes rapidly, once hydrolyzed, 
so that recirculation of HN2 following intra-arterial infusion would expose 
the bone marrow, spleen, and other hematopoietic tissues to a much lower 
concentration of HN2 than with intravenous therapy. 

The administration of nitrogen mustard or other agents should be pre- 
ceded by a demonstration of the vascularity of the area to be treated. 
Previous surgery or X-ray therapy of such a degree as to impair the 
vascularity of the region to be treated is a distinct contraindication to 
such therapy, particularly if the blood flow is shunted to other more 
vulnerable areas which may slough. 


SUMMARY 


Twenty-seven intra-arterial and 15 intravenous injections of methyl-bis 
(beta-chloroethyl) amine (HN2) were given to 17 hopelessly incurable 
patients with far-advanced neoplastic lesions involving the skin. 

Prompt and marked improvement followed intra-arterial HN2 in all 
of four patients with mycosis fungoides, in those lesions that possessed in- 
creased vascularity. Areas of ulceration in two of these patients healed 
within 14 days after intra-arterial HN2. 
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In 19 cutaneous areas involved by various metastatic neoplastic lesions, 
which exhibited increased vascularity, all showed a prompt decrease in size 
following intra-arterial HN2. Six areas that failed to exhibit an in- 
creased vascularity did not respond to the intra-arterial infusion of HN2. 

The intra-arterial injection of HN2 is followed by less severe toxic 
hematologic changes than after intravenous administration. Those 
neoplastic lesions reached directly by the intra-arterial HN2 responded 
more promptly and completely than after intravenous HN2 in those 
cases in which a valid comparison could be made. 
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PLATE 94 


Ficure 1.—F. A., male, age 50. Mycosis fungoides of 7 years’ duration. Raised 
ulcerated, exfoliating lesions of the dorsum of both hands. 

Ficuge 2.—F. §., 14 days after 20 mg. of HN2 injected into left brachial artery. 
Marked healing and disappearance of lesions. 
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PLATE 9 


Ficure 3.—A. P., male, age 61. Mycosis fungoides of 12 years’ duration. Widely 
disseminated lesions with ulceration of left leg and lower thigh. 

Figure 4+—A. P., 16 days after 18 mg. of HN2 injected into left femoral artery. 
Rapid epithelization of most of the ulcerated areas and marked prompt healing of 


leg lesions. 
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PLATE 96 
FIGURE 5. 


Intra-arterial catheter in right internal mammary artery with Diodrast 


outlining the course of this vessel and the rich vascular supply to the large meta- 
static mass overlying the sternum. 


Figure 6.—Ultraviolet photograph. Outline of distribution of right internal mam- 
mary artery following injection of fluorescein into catheter at position in figure 
5. Note supply to right half of tumor mass on the sternum. 

Figure 7.—Ultraviolet photograph. Fluorescence of distribution of thyrocervical axis 
with catheter inserted into this vessel. 
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PLATE 97 


Figure 8.—Erythema and serum formation beneath epidermis within 24 hours after 
HN2 injected into thyrocervical axis, 

Ficgtre 9.—Slough well advanced in area of early bullous formation (fig. 8) and de- 
veloping within the distribution of arteries injected 28 days after HN2. Note de- 
crease of right half of sternal mass. 

Figure 10.—Slough advanced in all areas with increase of tumor mass, particularly 
from the left, 69 days after intra-arterial HN2. 
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THE PREPARATION AND HANDLING OF 
REPLICATE TISSUE CULTURES FOR 
QUANTITATIVE STUDIES? 


Virginia J. Evans, Witton R. EARLE, KATHERINE K. 
SANFORD, JOHN E. SHANNON, and HEeten K. WAtTz,’ 
National Cancer Institute, National Institutes of Health, 
U.S. Public Health Service, Bethesda, Md. 


INTRODUCTION 


In determining the effect of various agents on cell or nuclear pro- 
liferation and disintegration in tissue culture, differences in response are 
accurately measurable only when replicate tissue cultures can be planted 
in large numbers and grown with minimal loss of cells at each renewal 
of culture fluid. The lack of a procedure for obtaining such large num- 
bers of replicate cultures has limited the use of tissue cultures in quanti- 
tative studies. With the recent development, however, of a cell strain 
originated from a single cell (7), and surface substrates, such as cello- 
phane (2, 3), massive growth of a pure strain of cells is available as a 
source of large volumes of cell suspension for planting these replicate 
cultures. 

This paper describes the method for preparing and handling replicate 
cultures and the experimental development and validation of this method. 


MATERIALS AND PROCEDURES 


The equipment used in the preparation and handling of replicate cul- 
tures is described below: 


Culture flasks, designs T-12 and T-60 (4). Rake and spatula, shown in text- 
figure 1 A, B, C, D. The handles were drawn from glass tubing, and the shafts were 
commercially available hardened platinum alloy (15% iridium).* The tip of each 
was shaped with a small ball pien hammer, and the edge smoothed under a low-power 
microscope on a knife-blade hard Arkansas oil stone.* 

Centrifuge, International, fitted with a #757 tachometer * and head #277 to carry 
250-ml. tubes #384. 


1 Received for publication October 17, 1950. 

2The authors are indebted to Mr. Marvin Schneiderman of the Biometrics Section, National 
Cancer Institute, for his statistical evaluation of the data, and to Mr. Frederick Highhouse, 
Head of the Instrumentation Unit, for his assistance in the design and for the fabrication of 
the special glass apparatus used. 

3 Baker & Co., Inc., 13 Astor St., Newark 5, N. J. 

* Behr-Manning, Division of Norton Co., Troy, N. Y. 

5 International Equipment Co., Boston, Mass. 
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TEXT-FIGURE 1.—Equipment for preparing cell suspension. A, rake for scraping cells 
from cellophane and glass substrate of T-€0 flasks; B, insert showing detail of 
rake tip; C, spatula for scraping cells from cellophane and glass substrate of T-12 
flasks; D, insert showing detail of spatula tip; E, sieve unit for sieving cell 
suspensions. 


Sieve unit, shown in text-figure 1E. The wire in the 80-mesh sieve was the com- 
mercially available hardened platinum alloy (10 percent rhodium) with a wire 
diameter of 0.003 inches; that in the 150-mesh sieve was the commercially available 
platinum alloy (1 percent iridium )* with a diameter of 0.0016 inches. The sieves were 
fused into the glass shell and the unit oven annealed for approximately 12 hours. 


* American Platinum Works, Newark 5, N. J. 
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j White petrolatum, U. S. P., used as stopcock lubricant, autoclaved in 1.0-ml. or 
2.0-ml. lots in glass tubes, with a wooden applicator inserted in each. Each tube was 
autoclaved and used only once. 

; Reservoir for cell suspensions, shown in text-figures 2 and 3C. This pyrex reservoir 

was designed with a broad base at the stopcock junction, special 3-way stopcock with 

' a gas inlet, and tip calibrated to deliver 1 ml. (+0.01). The reservoir top was 
covered with a glass reservoir cap (text-fig. 2). The bores of the stopcock plug 

: were 3.5 mm. in diameter. The plug had a shallow circumferential groove cut into 
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. TEXxT-FIGURE 2.—Reservoir and stirrer assembly. A, reservoir for containing cell 
suspensions during the interval of stirring.and delivering cells as replicate samples 
to flask ; B, glass stirrer for stirring cells in the reservoir. 
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it near each end. A sleeve attached by a cork to the delivery tip was designed to 
protect the delivery tip from contamination and to guide and center the T-12 flask. 










































































TexT-FIGURE 3.—Arrangement of apparatus for dispensing cell suspensions. A, sup- 
port stand; B, electric stirrer; C, reservoir assembly; D, gas trap; E, versatile 
clamp; F, gas humidifier. 
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Stirrer, glass shown in text-figure 2. The blade of the glass stirrer was fabri- 
cated from a strip cut from the bottom of a 6-inch diameter pyrex petri dish. The 
blade was fused to a glass rod. A glass sleeve was attached by rubber tubing to 
the glass rod which was slipped through the reservoir cap. 

Stirrer, electric motor assembly, heavy duty, variable speed, governor type,’ shown 
in text-figure 3B. 

Tachometers,*’ Stewart-Warner portable indicating models, with range of 50 to 
5,000 r. p. m. 

Support stand shown in text-figure 3A. A wide-base stand® fitted with levelling 
screws was modified by substituting a 50-inch-long rod of 1-inch diameter for the 
original vertical support rod. Spirally wound, diagonal stabilizing straps, %4 by % 
inch, were added to connect the base with a horizontal plate topping the upright bar. 
The base was weighted with a lead triangular cross bar. 

Versatile clamp, three prong grip ® shown in figure 3E. 

Clamp holders,” size to fit 1-inch diameter rod shown in figures 3 and 5. 

Tank of gas mixture,” 5% CO: in air, of 220 cu. ft. 

Hoke-Phoenix two-stage reducing valve, for oxygen,” with a maximum delivery 
pressure gauge of 10 p. s. i. 

Gas humidifier, shown in text-figure 3F. The humidifier consisted of a 2-liter 
pyrex bottle with side arm inlet of glass tubing cemented to a Selas XFF filter. A 
spray trap shown in text-figure 3F, with side arm outlet was securely wired in the 
ground glass neck of the bottle. The spray trap was fitted at the bottom with a 
perforated glass disk and was packed with short lengths of glass tubing held in by a 
folded wadding of stainless steel wire. The bottle contained 1% NaCl solution. 

Gas, traps, shown in text-figure 3D. These were packed with sterile cotton. A 
gas reducing capillary tube was inserted in the gas inlet line at the point of attach- 
ment to the reservoir gas trap. 

T-12 flask rack, shown in text-figure 4. 

Rectangular porcelain support stand,” shown in text-figure 5A. 

Flask-centering frame, shown in text-figures 5B and 6. 

Pipette-positioning clamp and shield, shown in text-figure 5C. This clamp was de- 
signed from a self-closing spring clamp’ to each jaw of which a semicircular metal 
shield was attached. 


4mm. 31MM. 
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TEXT-FIGURE 4.—Flask rack for supporting T-12 flasks during fluid-renewal procedure. 























7A. S. Aloe Co., St. Louis, Mo. 

8 Carey Machinery and Supply Co., 119 E. Lombard St., Baltimore 2, Md. 
® American Instrument Co., Silver Spring, Md. 

10 Eimer and Amend Co., New York, N. Y. 

1 Central Scientific Co., Newark 8, N. J. 

122 Southern Oxygen Co., Washington, D. C. 

13 Hoke Inc., Englewood, N. J. 

44 Selas Corporation of America, Philadelphia 34, Pa. 
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TEXT-FIGURE 5.—Fluid-removal assembly for withdrawing supernatant fluid from 
T-12 flasks. A, rectangular porcelain support stand; B, flask-centering frame; C, 
pipette-positioning clamp and shield; D, rubber coupling for pipette; E, 2-ml. 
syringe. 
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TEXT-FIGURE 6.—Detail of flask-centering frame. 


Volumetric pipettes to deliver 1 ml. and 100 ml at 20° C. 

Rubber coupling for pipette, shown in text-figure 5D. 

Self-closing spring clamp for supporting rubber coupling, shown in text-figure 5. 
Syringe, 2 cc., shown in text-figure 5E. 


PREPARATION OF CELL SUSPENSIONS 


Cells used for the preparation of suspensions were grown in T-60 flasks 
(4) under OC perforated cellophane (5) in 8 to 10 ml. of 40 percent horse 
serum, 20 percent (1:1) embryo extract, and 40 percent balanced saline 
(6). Each parent culture was planted from approximately 1% of the cells 
scraped with the platinum rake (text-fig. 1A) from a stock T-60 culture. 
Cultures were grown for 10 to 14 days so that the parent cultures used for 
planting the replicate cultures showed a cell density comparable to that 
shown in figure 1. This density represents approximately 3,000,000 nuclei 
per ml. of culture fluid. Cultures were selected which showed few or no 
areas of necrotic cells. 

Following removal of the culture fluid, the cells of the parent cultures 
were washed with several rinses of fresh culture fluid and then scraped 
from the upper and lower surfaces of the cellophane and from the glass 
floor of the flask with the platinum rake (text-fig. 1A). The cell suspen- 
sions were pooled and centrifuged at 1,100 r. p. m. for 15 minutes. The 
supernatant was removed by pipette and discarded, and the packed cells 
were resuspended in a volume of fluid calculated to yield a concentration of 
cells higher than that finally desired. The suspension was transferred by 
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means of a 100-ml. pipette to the sieve unit (text-fig. 1E), and was allowed 
to flow through the sieves by force of gravity. Occasionally, to accelerate 
the flow of cell suspension through the sieve, the humidified gas mixture at 
a pressure of 1 lb. per square inch—that pressure which never forced the 
cell suspension through the sieve in a damaging jet—was admitted through 
the side-arm inlet of the sieve. The trap of sterile cotton placed at the 
inlet served as a bacteriological filter for this gas. The sieved suspension 
was collected into a sterile flask. In subsequent transfer to the reservoir 
the total volume of suspension was measured. 


STIRRING AND GASSING OF CELL SUSPENSION 


The glass stirrer was inserted in the reservoir, which was then mounted 
in the versatile clamp on the stand supporting the motor for operating 
the stirrer. The shaft of the glass stirrer was clamped in the chuck of this 
electric stirrer motor (text-fig. 3). The design of the assemblage is shown 
in text-figures 2 and 3. 

To assure uniformity of the cell suspension it was stirred in the reservoir 
at 450 r. p. m. continuously during sampling and for at least 15 minutes 
before sampling. During the continuous stirring, the cell suspension 
was gassed through the side inlet in the reservoir with a slow flow of the 
gas mixture. Before entering the reservoir the gas mixture was saturated 
with water vapor by passage through the humidifier. The Selas XFF 
filter submerged in the saline served to disperse the gas, and the spray trap 
served to eliminate water droplets from the gas mixture. The volume of 
gas entering the reservoir was reduced by a capillary stricture in the inlet 
line. The trap of sterile cotton placed between the stricture and the 
reservoir inlet served as a bacteriological filter for the gas. 


STANDARDIZATION OF CELL SUSPENSION 


One-milliliter samples were drawn from the stirred suspension for 
determining the concentration of cells by enumeration of their nuclei. 
Each sample was discharged from the delivery tip of the reservoir by a 
jet of the gas mixture at a pressure of about 2 Ib. per square inch. The 
gas was jetted into the delivery tip through the gassing inlet of the three- 
way stopcock; this inlet was also protected by a sterile cotton trap. In 
charging the delivery tip with cell suspension from the reservoir, some of 
the suspension was lost from the tip; this excess was caught in a waste 
receptacle, and the volume measured. 

The number of cell nuclei in the 1-ml. samples was estimated by the 
nuclear count procedure (7). The volume of cell suspension left in the 
reservoir to be diluted was calculated by subtracting the volumes dis- 
charged in the sampling from the total originally introduced. From 
these data the volume of diluting fluid necessary to yield the desired con- 
centration of cells was calculated. This volume was introduced by a 
graduated pipette through the top into the reservoir. 
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INOCULATION OF CULTURE FLASKS 


The culture flasks used in this study were of the T-12 design. A square 
of OC perforated cellophane 3.8 cm. to a side and cleaned as previously 
described (5) was inserted into each flask, moistened with triple distilled 
water, and molded to the floor and sides by means of a platinum spatula 
(text-fig. 1). Then the flasks were drained, plugged with cotton, and 
autoclaved. 

Prior to introduction of the cells into a flask, 1.5 ml. of the fraction of 
culture medium not used in suspending the cells was introduced into the 
flask. At this time if cellophane sheets were disarranged on the floors of 
any of the flasks they were realigned with the platinum spatula. Each 
flask was then inoculated with 1 ml. of stirred suspension ejected from the 
reservoir delivery tip into the flask by the gas. The gas mixture used to 
eject the cell suspension was allowed to flow for 30 seconds to replace the 
air in the flask with the 5 percent carbon dioxide in air mixture. For this 
inoculation of the flask the portion of the delivery tip protected by the 
glass sleeve was long enough to project well into the culture flask and so 
prevented spattering of cells or fluid on the neck of the flask when the 
cell suspension was discharged. Following gassing, the flask was quickly 
sealed with a size 00 rubber stopper and was incubated in horizontal posi- 
tion at 37.5° C. 

RENEWAL OF CULTURE FLUID 


In the culture fluid renewal, made three times weekly, flasks were centri- 
fuged at 1,100 r. p. m. for 20 minutes. After centrifugation, the flasks 
were transferred with a minimum of agitation to the flask rack (text-fig. 4) 
and the supernatant on each flask was withdrawn. In withdrawing the 
culture fluid, a sterile 1-ml. volumetric pipette was used for each flask. 
The pipette was inserted into a short piece of rubber tubing, part of the 
rubber coupling (text-fig. 5D) clamped in vertical position, and then 
the pipette was adjusted in the pipette-positioning clamp. The flask, 
placed in the centering frame (text-fig. 5B) during the removal of super- 
natant fluid, was slowly raised in the frame, which guided and steadied 
the flask, until the tip of the positioned pipette was just submerged in 
the culture fluid. The vertical slot in the centering frame facilitated 
observation of the submerged pipette tip. The plunger of the syringe 
was withdrawn slowly to raise the fluid into the pipette and up to the 1-ml. 
calibration. Occasionally between consecutive fluid removals, the shield 
of the pipette positioning clamp (text-fig. 5C), which served to protect 
the mouth of the flask, was given a flash-flaming. 

After withdrawal of the fluid the cells packed by the centrifugation 
were resuspended by vigorous tapping of the flask by hand and the sheets 
of cellophane that had been disarranged were realigned with the platinum 
spatula. One milliliter of culture fluid was added from the cell-suspension 
reservoir used without the stirrer for fluid renewals. The flask was gassed 
through the gas inlet of the three-way stopcock, quickly sealed with the 
00-size rubber stopper, and returned to the incubator. 
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EXPERIMENTS AND RESULTS 
PHYSIOLOGICAL EFFECT OF STIRRING CELLS IN SUSPENSION 
Introduction 


For preparing replicate cultures, cells in suspending fluid must be stirred 
at a rate sufficient to yielda uniform suspension. Since too rapid agitation 
can injure cells, it was imperative in the development of this procedure to 
determine experimentally with the strain of cells used whether stirring 
cells in culture fluid might so injure the cells that the subsequent prolifer- 
ation might be affected. 


Erperimental 


Control cultures were prepared from cell suspensions of strain L and 
were stirred for the minimal period of 15 minutes. Experimental cultures 
were planted from the same cell suspensions subjected to additional periods 
of 1 and 2 hours of continuous stirring. To compare the proliferation 
of control and experimental cultures, cultures were grown in some in- 
stances for 72 hours, in others for 10 days, after which the numbers of cell 
nuclei per flask were determined (7). 

In the early experiments on the effect of stirring on the cells the method 
of preparing the cultures was identical to that previously described, except 
that certain units of equipment were used which were later altered in 
developing the final procedure as given in this paper. For instance, in 
the earlier experiments the cell suspension was passed through a single 
80-mesh sieve, and the gas humidifier varied slightly in design; the 
apparatus was functionally similar to that previously described. Also, the 
reservoir consisted of a modified tubular glass unit 50 mm. in diameter 
with a separate burette calibrated in 0.5 ml. to deliver 2-ml. samples of 
cell suspension (text-fig. 7). The glass stirrer with this reservoir assem- 
bly for these early experiments had 2 spiral turns at a pitch angle of 55° 
to 58° and a blade diameter of 12 mm. In 4 preliminary experiments the 
cells were stirred with this stirrer at 425, 710, and 1,400 r. p. m., and 
were grown for 2 to 4 weeks to determine whether or not continuous 
stirring at the higher speeds damaged them. In a group of later, more 
detailed experiments the cells were stirred at 950 r. p. m. in the same res- 
ervoir with a glass stirrer that had 7 spiral turns at a pitch angle of 35° 
and a blade diameter of 16 mm. (text-figs. 7 and 8). 


Results and Conclusions 


The results of the preliminary study on the effect of stirring the cells 
indicated that at 425, 710, and 1,400 r. p. m. no recognizable cell damage 
occurred; rapid proliferation took place in the subsequent 2- to 4-week 
growth period. The results of the later more exhaustive study with the 
second design of stirrer are summarized in text-figure 9. The numbers of 
cell nuclei in the cultures at the end of 72 hours’ and 10 days’ growth were 
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TEXT-FIGURE 7.—Detail of reservoir, stirrer, and separate burette of early assembly. 
A, top of reservoir; B, separate burette for dispensing stirred cells; C, stirrer for 
stirring cells in the reservoir. 


estimated by the determination of the numbers of nuclei (7) per culture. 
The experimental cultures were compared with their respective control 
cultures. The average number of nuclei per experimental culture was 
expressed as a percentage of the average number of nuclei per control cul- 
ture. The number of experimental cultures used for each determination is 
indicated in text-figure 9. Control cultures identical in number with the 
experimental cultures were used for each comparison. 
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TEXT-FicGuRE 8.—Arrangement of apparatus for dispensing cells, early equipment. 
A, funnel and continuous leaf stirrer; B, separate burette; C, gas humidifier. 


The data indicate that cells continuously stirred for 1 hour or even for 
as long as 2 hours had grown as well at the end of 72 hours and 10 days 
as the control cells not subjected to the prolonged stirring. The apparent 
increase in proliferation of cells stirred for 1 hour (text-fig. 9) was statis- 
tically nonsignificant, since in using this early design of equipment there 
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TEXT-FIGURE 9.—Influence of stirring on cell proliferation ; cells stirred in culture fluid. 


was sufficient variation between individual cultures to account for this 
rise simply on the basis of chance. Irrespective of speed and time of 
stirring, within the range studied there was no evidence of any cell injury. 


EFFECT OF FLUID-CHANGE PROCEDURE ON CELL Loss 
Introduction 


By the conventional method of removing exhausted nutritive fluid from 
tissue cultures, loss of cells occurs. Since both these cells and their poten- 
tial descendants are lost, the rate of proliferation that is measured is not a 
reliable index of the cell proliferation which would have occurred in 
cultures planted as replicates. An important step in the development of 
the quantitative procedure was the elimination of this variable and con- 
siderable cell loss. Since light centrifugation of the cultures before 
removal of the supernatant fluid seemed feasible, procedures were tested 
to determine the optimum speed and time of centrifugation as well as the 
most efficient pipetting method for minimal cell loss. 


Experimental 


Sets of replicate cultures of the pure strain of cells originated from a 
single cell of the strain L were planted and grown for 4 weeks. The cul- 
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ture fluid on each flask was renewed three times a week. In this removal 
of culture fluid, several procedures were tried. 

The influence of speed of centrifugation of the culture flasks on clearing 
of the supernatant fluids and on subsequent proliferation of the cells was 
tested. Three sets of cultures were centrifuged at 1,100, 1,400, and 1,800 
r. p. m., respectively, for 20 minutes three times a week, for a period of 3 
weeks. The over-all changes in cell nuclei numbers after the 3-week 
period were determined by the enumeration of nuclei in aliquots of the 
culture (7). 

A comparative study was made of the effectiveness of 10- and 20-minute 
periods of centrifugation at 1,100 r. p. m. in clearing the supernatant fluids 
of the cultures. 

Two methods for the removal of the supernatant fluids were compared. 
In the first, the flask was held by hand while a 1-ml. volumetric pipette 
connected by rubber hose to a mouth piece was introduced into the upper 
fluid layer. The fluid was withdrawn by mouth suction. The second 
method was that already described in which a mechanical guide (text-fig. 
5) was introduced for positioning the pipette and guiding and supporting 


the flask. 


Results and Conclusions 


Although no apparent cell damage resulted from the repeated centrifu- 
gation of cultures at speeds up to 1,800 r. p. m., the two higher speeds of 
centrifugation caused disarrangement of the sheets of cellophane and 
occasional breakage of flasks. There was also a tendency to produce too 
tightly packed pellicles of cells in the tip of T-12 flasks. For these reasons 
the speed of centrifugation was limited to 1,100 r. p. m. 

The data from the quantitative experiments testing the effect of time 
of centrifugation and methods of fluid removal on loss of cell nuclei in the 
supernatant are summarized intablel. At each fluid renewal, the removed 
fluids from all flasks of an experimental set were pooled and the average 
loss per flask was determined by the enumeration of nuclei (7). Since 
there were 3 fluid renewals per week, the weekly cell loss per flask repre- 
sented the sum of the 3 average-per-flask determinations. The weekly 
cell loss per flask was expressed as the percentage of the average number 
of cell nuclei present in the flask at the close of that week. The percentages 
in table 1 were averages of 1 or more determinations. Each determination 
was based on 1 experimental set comprising 3 to 12 flasks. 

The data from the first week of culture are separated in table 1 from 
data of later weeks because directly after planting cells tend to be less well 
anchored to the substrate and therefore greater cell loss might occur. 
Since the number of cells present in the culture might influence the per- 
centage of cell loss, the data from cultures containing fewer than 1,000,000 
nuclei are separated in table 1 from those of cultures containing more than 
1,000,000 nuclei. 


en 
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TaBLe 1.—Loss of cells from changing supernatant fluids 












































Procedure Average weekly cell loss in percentage of total cells per flask 
Number of nuclei in flask 
First week | After first week 
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The data of table 1 show a trend toward reduced cell loss with the 
increase in time of centrifugation from 10 to 20 minutes. The introduc- 
tion of the mechanical method of supernatant removal further reduced 
the cell loss to values ranging from 0.10 to 0.60 percent for cultures con- 
taining fewer than 1,000,000 nuclei, and to vatues ranging from 0.07 to 
0.23 percent for cultures containing more than 1,000,000 nuclei. 

It is concluded from this study that with a centrifugation speed of 
1,100 r. p. m. for 20 minutes, and with the mechanical method of fluid 
removal, the loss of cell nuclei at the fluid renewals is insignificant. 


EFFECT OF APPARATUS DESIGN ON ACCURACY OF PREPARING REPLICATE CULTURES 


Introduction 


The accuracy of this procedure is dependent on the degree of replicacy 
of the samples obtainable from the cell suspension. Since for replicate 
sampling, a cell suspension must be uniformly dispersed and equally dis- 
tributed to the culture flasks, numerous designs of apparatus for pre- 
paring, stirring, and dispensing cell suspensions were developed and ex- 
perimentally tested. The designs of apparatus tried and the results of 
the experimental tests are described in this study. 


Experimental 


Sieve design.—The first design of sieve unit used consisted of the 80- 
mesh platinum-rhodium sieve fused into a glasstube. The cell suspension 
was drawn into a pipette and jetted through the sieve under the pressure 
effected by blowing through the pipette as its tip was held 2 or 3 cm. above 
the sieving. 

The second design of sieve was the one previously described and ulti- 
mately adopted for use (text-fig. 1). This sieve unit contained both the 
80- and 150-mesh grating through which the cell suspension was slowly 
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passed by either the force of gravity or less than 1 pound positive gas 
pressure. In most instances no gas pressure was necessary. 

Cell suspensions prepared with both single and double sieves were stirred 
and sampled. The nuclei in the samples were counted (7) and the vari- 
ability among the samples was determined. Sample cultures from the 
sieve suspensions were also grown for periods of from 1 to 4 weeks to 
compare the numbers of nuclei. 

When the cell nuclei of samples from the sieved and stirred suspensions 
were counted, the data collected suggested a tendency toward greater 
uniformity of cell distribution in the suspensions passed through the 
double sieve. Sample cultures of these suspensions appeared to grow as 
well as did those of suspensions passed through the single 80-mesh sieve. 

Stirrer design—Two designs of electric motor stirrers were used: a 
light-duty induction motor stirrer ® and the variable speed governor-type 
electric stirrer previously described in the procedure. Chucks were fab- 
ricated for the induction-motor stirrer, and certain of these stirrers were 
also altered by the addition of a reduction-pulley system, which lowered 
the speed to about 800 r. p. m. 

The light-duty stirrer was found to have too light a motor for operating 
the glass stirrer at uniform speed. This motor was therefore replaced by 
the heavier governor-type motor, which operated the glass stirrer at more 
constant speed. Although this variable-speed motor was used in the final 
procedure outlined in this paper, the motor required constant checking of 
the setting, and the shaft was not entirely free of wobble. The use of a 
constant-speed motor with shaft connected by gear or pulley and belt toa 
second shaft supported on separate bearings and fitted with a small size 
precision Jacobs chuck * for holding the glass stirrer, so that its free end 
has a minimum of whip, might obviate these difficulties. 

Glass stirrer design.—Three screw-type designs of glass stirrers were 
experimentally tested. Observations were made on the extent of frothing 
of the cell suspensions, the degree to which cells settled in the suspension, 
and the eddying of the fluid-suspension medium when all these designs of 
stirrers were used with their respective reservoirs. The first stirrer had 
2 spiral turns, with a pitch angle of 55-58°, and a diameter of 12 mm. 
The second (text-figs. 7 and 8) had 7 spiral turns, with a pitch angle of 
35°, and a diameter of 16 mm. The first 2 designs of stirrer were tested 
in a reservoir with an internal diameter of 50 mm. The third design 
(text-figs. 2 and 3), the one finally adopted, having 3 spiral turns with a 
pitch angle of 45-50°, was tested in a reservoir of 28 mm. internal diam- 
eter. All stirrers were tested at the subsequently designated speeds to de- 
termine the optimum speed for uniform distribution. 

Cell suspensions were stirred with the first design of stirrer at speeds 
of 450, 950, and 1,700 r. p.m. In early studies the second design of stirrer 
was tested at 450, 950, and 1,700 r. p. m. In the later extensive cell- 
enumeration studies with this stirrer a speed of 950 r. p.m. was used. The 
third design of stirrer was tested at both 350 r. p.m. and 450 r. p.m. In 
testing the uniformity of cell distribution in the cell suspension, samples 
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of equal volume were drawn from the suspensions while they were being 
stirred. The numbers of cell nuclei (7) in each sample were determined; 
the relative variation among samples was calculated. 

With both the first and second designs of stirrer where the ratio between 
diameters of the stirrer and the reservoir was wide, the two higher speeds 
of stirring were more effective in producing uniform distribution of cells. 
The first design required such increased velocities of rotation to keep the 
cells suspended in the upper layers of fluid that excessive amounts of froth- 
ing resulted. Even with the high velocities of stirring the distribution 
of cells as measured by variation between samples was not uniform. At 
the speed of 1,700 r. p. m. with the second design of stirrer the excessive 
frothing reduced the quantity of fluid suspension so that insufficient 
amounts of cell suspension remained for planting cultures. For this 
reason a velocity of 950 r. p. m. was selected as the highest speed practical 
with the second stirrer, but with this speed some slight frothing occurred. 

The results of the experiments testing the uniformity of cell distribu- 
tion in suspensions stirred with the second design of stirrer are presented 
in table 2. The relative variation or coefficient of variation was calcu- 
lated for sample inocula drawn from 7 suspensions. Three to 6 flasks 
were inoculated from each suspension. The relative variations ranged 
from 1.1 to 16.2 percent. 


TABLE 2.—Accuracy of planting procedure 
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1 Procedure 1: Use of second design of stirrer (text-fig. 7) with first design of funnel (text-figs. 7 and 8). 
2 Procedure 2: Use of third design of stirrer (text-fig. 2) with third design of funnel (text-figs. 2 and 3). 


With these first two designs of narrow-diameter stirrer, high speeds 
of rotation were required for uniform distribution of the cells because with 
the lower speeds the stirred fluid tended to be agitated near the center axis 
of the reservoir while peripherally the cells settled out of suspension. 
Since high speeds of stirring tended to produce frothing and could 
theoretically have injured cells, although no cell injury was observed, 
the third stirrer was designed with a greater diameter while the reservoir 
with which it was used was of smaller diameter, thus reducing the clear- 
ance between the stirrer and reservoir and giving more effective stirring 
at the reduced speeds of 350 and 450 r. p.m. Data from the sampling of 
9 suspensions stirred with this design of stirrer are tabulated in table 2. 

934617516 
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The relative variation or coefficient of variation of the samples from each 
suspension ranged from 2.0 to 10.4 percent. 

Reservoir design.—In the early experiments the reservoir consisted of 
2 units: a modified tubular reservoir and a separate burette. The tubular 
glass reservoir had a side arm inlet and throat altered for insertion of the 
stirrer (text-figs. 7 and 8). The burette was calibrated in 0.5 ml. to 
deliver 2.0 ml. For the complete evacuation of the burette tip, gas was 
jetted through the gassing inlet of the three-way stopcock (text-figs. 7 
and 8). This design reservoir was used with the first and second glass- 
stirrer designs. 

A second reservoir model was designed with the bore of its stopcock 
plug enlarged to deliver 1 ml., and this volume of cell suspension was com- 
pletely ejected from the enlarged stopcock bore by jetting of gas through 
the gassing inlet of a third orifice. This reservoir, 28 mm. in diameter, 
was specially fabricated with a wide throat for insertion of the third 
design of stirrer and had a base broadened at the stopcock junction. 

The third reservoir model and the one used in the final procedure was 
also designed with the burette integral as shown in text-figure 2. The 
reservoir outlet tube was elongated and calibrated to deliver 1 ml. The 
protective sleeve shielding the delivery tip was improved for guiding 
and centering both T-12 and T-60 flasks. The stopcock plug was circum- 
ferentially grooved at each end and was lubricated with white petrolatum 
peripheral to these limiting grooves so that no vaseline worked into the 
bore of the burette to interfere with its exact calibration. The central 
portion of the plug was thus lubricated by the suspending medium alone. 

Several difficulties were encountered in using the first design of reser- 
voir. Cells tended to settle in the narrow constricted base of the reservoir 
before stirring. The cells were thus difficult to resuspend. In the stop- 
cock bore and delivery tip of the reservoir where the fluid was not agitated 
by the stirrer, cells settled out of suspension. If this reservoir outlet 
tube exceeded in capacity the volume of suspension to be delivered to the 
burette, unequal cell sampling in consecutive burette fillings could occur 
because the cells settled in the tube so rapidly that the fluid left in the 
tube of the reservoir was free of cells. Even when the reservoir outlet 
tube was reduced in volume, slow filling of the burette from this unstirred 
source of suspension introduced uncontrollable variations in numbers of 
cells in each measured volume, due to settling of the cells. When rapid 
fillings of the burette were made in an attempt to compensate for this 
settling there was difficulty because any overcharging beyond the cali- 
bration mark necessitated discarding the entire sample. This design of 
reservoir was used to dispense samples in experiments summarized in 
table 2. 

The second design of reservoir proved entirely unsatisfactory. In cali- 
brating the enlarged stopcock bore, though designed to deliver 1.0-ml. 
samples, no uniformity of sample volume was obtained. 

The third design of reservoir, the one ultimately chosen, was used to 
dispense samples in the experiments previously mentioned and summa- 
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rized in table 2. The relative variation of samples of 3 to 6 flasks inocu- 
lated from 9 cell suspensions stirred with the broad blade stirrer and 
dispensed from this type of reservoir varied from 2.0 to 10.4 percent. Of 
these 9 sets of samples, all but 1 had a relative variation of less than 10 
percent and 5 sets had a relative variation of 5 percent or less. These 
results indicated not only a reduced coefficient of variation for each 
experiment but also a greater uniformity between experiments in the 
variations obtained. 
Results and conclusions 


The relative variation in percent divided by the square root of the 
number of flasks in a set gives the 95 percent limits of the experimental 
error of the procedure, so that with the equipment and procedure ulti- 
mately selected and described the experimental error of the procedure 
finally developed in this study is less than 5 percent. 


DISCUSSION 


The procedure for preparing and handling replicate cultures given in 
this paper is of fundamental usefulness in comparative quantitative 
studies on the physiology of tissue-culture cells when these cells are sub- 
jected to a variety of experimental conditions. Although the procedure 
has been validated in the phases presented with the single cell strain of 
strain L, the procedure should be equally applicable or readily adapted to 
any strain of cells that will grow on cellophane or other surface substrates 
and that can be scraped or shaken from this substrate to form a suspension. 

The data of this study have demonstrated no apparent physiologic 
damage to the cells resulting from sieving and stirring them in a culture 
fluid made up of horse serum, chick embryo extract, and balanced saline 
when this suspension was continuously gassed to adjust and maintain the 
pH at approximately 7.3. These cells on subsequent culturing continued 
to proliferate actively as indicated by continued increase in the numbers 
of nuclei. These cultures could be grown without significant losses of 
cell nuclei at each fluid renewal. The light centrifugation of the cultures 
necessary to clear the supernatant fluid of cells appeared not to affect 
their subsequent proliferation rate. This system of fluid renewals allowed 
rapid processing without contaminations of large numbers of cultures. 

With this procedure, at least 100 replicate cultures may be prepared 
by 2 operators in a period of 4 hours. The experimental error of the 
planting procedure was less than 5 percent, 95 percent of the time. This 
experimental error could be further reduced, if desired, by incorporating 
a larger number of cultures in each experimental set. 


SUMMARY AND CONCLUSIONS 


A procedure has been developed for preparing and handling large num- 
bers of replicate cultures of a pure strain of cells growing in massive 
cultures on surface substrate such as cellophane in a medium of embryo 
extract (1:1), horse serum, and saline. The cultures were scraped from 
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the substrate, passed through 80- and 150-mesh platinum sieving, stirred 
for 15 minutes to uniform suspension and delivered in aliquots to T-12 
flasks. The suspension was equilibrated with a gas mixture of 5 percent 
carbon dioxide in air. Details for reproducing the equipment to prepare 
these cultures have been given. The method of, and equipment for, 
handling fluid renewals on the cultures have been described. The renewals 
are effected by centrifuging the cultures for 20 minutes at 1,100 r. p. m., 
removing the fluid with a stabilized pipetting system and replacing with 
fresh fluid. The cells are then resuspended by vigorous shaking. 

Experimental validation with statistical evaluation of the data indicates 
that stirring cells in suspension is noninjurious as judged by the subsequent 
growth of cultures and that insignificant numbers of cells are lost from 
the cultures by the method of fluid renewals. Furthermore the experi- 
mental error of the final procedure was less than 5 percent. This procedure 
for preparing and handling large numbers of replicate cultures used with 
the procedure for enumerating cell nuclei (7) provides a technique for 
determining quantitatively the changes that can occur in cultures under a 
variety of experimental conditions. 
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PLATE 98 


Ficure 1.—Strain L mouse cells growing under perforated cellophane. This photo- 
graph shows the approximate cell density and condition of cultures used for stocks 
of cells. Approximately 3,000,000 cells per milliliter of culture fluid are in such a 
culture. X 200 
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BIOLOGICAL ACTIVITY OF THE AGENT 
OF CHICKEN TUMOR I (ROUS) IN CI- 
TRATE BUFFERS OF VARIOUS MOLAR 
CONCENTRATIONS? 


W. Ray Bryan, Mary E. Maver, Joun B. Motoney, Doro- 
THY CALNAN, CarRL L. WHITE, and MARGUERITE T. Woop 
National Cancer Institute, National Institutes of Health, 
U. S. Public Health Service, Bethesda, Md. 


The following investigation was part of a general quantitative study 
that is being made of the factors that influence the stability of the agent 
of chicken tumor I (Rous sarcoma) (/) and of the conditions under which 
this agent may be handled in the laboratory without appreciable loss of 
tumor-producing potency. 

Previous observations carried out at 37° C. indicated that the biological 
responses were ideally reproducible when citrate buffers were used as media 
for suspending the agent; that is, the variations in results from experi- 
ment to experiment were no greater than were to be expected from the 
error of the bioassay method (2). The observations involved various 
levels of pH, from 4.5 to 7.0, but only one concentration of citrate, namely 
0.05 M. The present investigation was for the purpose of ascertaining 
the effect of molarity on tumor-producing activity, and of determining the 
optimum molarity, or molarity range, of citrate buffers for quantitative 
biological studies on the agent of chicken tumor I. 


MATERIALS AND METHODS 


Citrate buffers —The pH of all citrate buffers was 6.7, which was within 
the range giving maximal biological activity in a previous investiga- 
tion (2). 

Tumor agent.—Aqueous suspensions of partially purified tumor agent 
were prepared by differential centrifugation of tumor-tissue extracts as 
previously described in detail (3); they represented suspensions of the 
microsome fraction derived from first saline (0.9 percent NaCl) extracts 
of frozen tumor tissue by 1 complete cycle of differential centrifugation. 
In a given experiment, a common lot of aqueous tumor-agent suspension 
was employed for the further preparation of all buffer-agent mixtures, 
and of the standard reference suspensions used for establishing the 100- 
percent potency level in the bioassays. 

Agent-buffer mixtures—In experiments 1-4 the agent-buffer mixtures 


1 Received for publication November 13, 1950. 
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having a final citrate concentration of 0.5 M or less were prepared by 
mixing equal volumes of aqueous tumor-agent suspension and citrate 
buffer of double the strength desired in the final mixture. Because of the 
limited solubility of sodium citrate, a different procedure was required for 
the 1.0 M materials. They were prepared with 1.5 M buffer and stronger 
suspensions of tumor agent in distilled water, which were adjusted so that 
they gave the final desired concentration of both tumor agent and citrate 
after mixing. The agent-buffer mixtures employed in experiment 5 were 
prepared by adding 1 volume of a 32-times-concentrated agent suspension 
to 31 volumes of saturated * buffer. The resulting mixtures were therefore 
3145, or about 97 percent, saturated with respect to citrate. They were 
estimated to be about 1.6 to 1.7 M. 

Bioassays.—The relative potency of each test mixture of buffer and 
tumor agent was determined by comparison with a paired sample of a 
standard reference suspension in a separate bioassay determination in- 
volving 36 chickens and 144 inoculation sites.: The 4 x 4 Latin-square 
design was employed, as previously described (3, 4, 5), for balancing the 
biological variables. However, 3 different Latin-square patterns were 
employed in each assay, and there were 3 replicates of each of 3 basic 
sets (4 chickens and 16 sites) instead of 10 replicates of a single set as 
in previously reported studies. The errors of the bioassays were deter- 
mined by the statistical procedures described by Cornfield [see appendix 
to reference (2) ]. 

The agent suspensions used as standards of reference for establishing 
the 100-percent potency level were prepared in each experiment from the 
same lot of aqueous tumor-agent suspension as was used for the test mix- 
tures. In all experiments except 1 (number 5) aliquots of the aqueous 
suspension were mixed with equal volumes of 0.2 M citrate buffer, of pH 
6.7, to produce standard mixtures having a citrate concentration of 0.1 M, 
and an agent concentration equal to that in the test mixtures. In experi- 
ment 5 the standard mixtures had a final citrate concentration of 0.05 M. 

All agent preparations, both the test and the standard mixtures, were 
diluted %45 and 499 for the purpose of bioassay [see reference (5)]. 
The diluent employed in experiments 1-4 was 0.1 M citrate buffer of pH 
6.7. In experiment 5, which involved saturated citrate buffer, the dilu- 
tions of the test mixtures were made with distilled water. The standard 
mixtures of experiment 5 were diluted with 0.05 M citrate buffer for the 
purpose of bioassay. 

Experimental procedures.—Because of the relatively large number of 
materials to be tested in most of the experiments (7. ¢., 10 or 12) and the 
amount of time required for inoculating the test chickens for the assay of 
a given material (15 to 20 minutes), they were not all prepared at the same 
time, but individually, at 15- to 20-minute intervals. At previously sched- 
uled times, identical samples of aqueous tumor-agent suspension were 
taken for the preparation of 1) a test, and 2) a corresponding standard 
mixture. 


? Saturated at room temperature and cooled to 6°-—8° C. before used. 
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As each paired set of test and standard mixtures was prepared the stand- 
ard was placed in a refrigerator (6°-8° C.) where it was kept until used 
for the bioassay, and the test mixture was placed in a water bath at a 
temperature of either 37° C. or 6°-8° C., depending upon the temperature 
condition being tested. After exactly 3 hours it was removed from the 
water bath and, if at 37° C., it was chilled by immersion in an ice-water 
bath. 

In all experiments except that with saturated citrate buffer (experi- 
ment 5) the molarities of the test mixtures were adjusted to the constant 
level of 0.1 as the mixtures were diluted for inoculation into test chickens. 
This was also the molarity used in preparing all of the corresponding 
standard mixtures. The test mixtures of experiment 5 could not be ad- 
justed to the constant citrate molarity of the previously executed experi- 
ments, by simple adjustment procedures, without diluting the tumor 
agent more than was desired. No attempt was made, therefore, to stand- 
ardize the molarity of the inoculated materials in this experiment. 


EXPERIMENTS AND RESULTS 


The molar concentrations of citrate and the temperature conditions 
employed in experiments 1-5 are given in text-figures 1-4. 
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MOLAR CONCENTRATION OF CITRATE 
TEXT-FIGURE 1.—Tumor-producing potencies of suspensions of the agent of chicken 
tumor I in citrate buffers of various molar concentrations after standing for 3 hours 
at 37° C. 
circles—data of experiment 1 
triangle—data of experiment 5A 
shaded band—error zone limited by +1 standard-error unit. 
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MOLAR CONCENTRATION OF CITRATE 


TEXT-FIGURE 2.—Tumor-producing potencies of suspensions of the agent of chicken 
tumor I in citrate buffers of various molar concentrations after standing for 3 hours 
at 6°-8° C. 

circles—data of experiment 2 
squares—data of experiment 3 
brackets—error zone limited by +1 standard-error unit. 
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MOLAR CONCENTRATION OF CITRATE 


TExT-FicurRE 3.—Results of quadruplicate bioassays on suspensions of the agent of 
chicken tumor I after 3 hours at 6°-8° C. Data of experiment 4. 
See legend of text-figure 2. 


Results at 37° C. 


As shown by the plotted points of text-figure 1, there was no statistically 
significant peak or particular point of optimal citrate concentration for 
the biological activity of the agent of chicken tumor I after incubation for 
3 hours at a temperature of 37° C. There was, however, a broad range 
of molar concentrations, 0.0078 to 0.5, within which the activity remained 
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TEXT-FIGURE 4.—Tumor-producing potencies of suspensions of the agent of chicken 
tumor I in citrate buffers of various molar concentrations after standing for 3 
hours at 6°-8° C. 

closed circles—average results of experiments 2, 3, and 4. 
open circle—result of experiment 5B. 
shaded band—error zone limited by +1 standard-error unit. 
The smaller standard errors for the mean potencies at citrate concentrations 
0.0312-0.1 M are due to larger numbers of biological observations at these concen- 
trations (see text). 


relatively high and was only slightly lower, on an average, than that of 
the standard reference suspensions. The individual potency estimates 
within this range did not differ significantly from the potency of the ref- 
erence standards (100 percent; 2.0 log percent) but all but one of them 
fell below the standard, and, taken together, they represent a statistically 
significant decrease in activity at a temperature of 37° C. 

Since the standard of reference used for the bioassays was simply an 
unincubated suspension of tumor agent in 0.1 M citrate buffer, it also 
represented a true control for the effect of temperature at molarity 0.1. 
Although there was no test mixture of exactly 0.1 M concentration, a po- 
tency value for this molarity can be estimated from the smooth curve which 
can be drawn through all of the points along the plateau in text-figure 1. 
Using a smoothed curve which had the slight curvature indicated by the 
plotted points, the log-percent potency value of 1.85 was estimated for an 
incubated suspension at molarity 0.1. This corresponds to a potency of 
about 70 percent as compared with the standard, and indicates that at this 
molarity the potency of tumor-agent suspensions incubated for 3 hours 
at 37° C. might be expected to be about 30 percent lower than that of simi- 
lar suspensions kept at 6°-8° C. 

The potency estimates obtained with distilled water, with citrate con- 
centrations 0.0039 M and 1.0 M, and with saturated citrate buffer (about 
1.6 to 1.7 M) were significantly lower than the potency of the standard 
(P<0.01 in all instances). It is apparent, therefore, that the biological 
activity of the incubated tumor-agent suspensions dropped off rapidly as 
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the concentration of citrate was decreased below 0.0078 M or increased 
above 0.5 M. 

Although there was some loss in biological activity at all citrate con- 
centrations when the materials were incubated at 37° C., the loss at concen- 
trations 0.0078 to 0.5 M was not sufficiently pronounced, within a period of 
3 hours, to preclude quantitative investigations on the tumor agent at this 
temperature. The results of the present and previous (2) investigations 
indicate that when citrate buffers are used, biological observations on the 
agent of chicken tumor I are highly reproducible after incubation at 37° C. 

The results obtained with citrate concentrations lower than 0.0078 M 
and higher than 0.5 M indicate that the loss in activity is too great for 
these concentrations to be used in investigations on the agent at this 
temperature. 

Results at 6°—8° C. 


Two identical experiments (numbers 2 and 3) were carried out in which 
agent-buffer mixtures varying in citrate concentration from 0.0039 to 1.0 M 
in 2-fold steps, were tested after standing for 3 hours at a temperature of 
6°-8° C. In the first of these (experiment 2; see circular points of text- 
figure 2) all but one of the potency estimates, including that for the dis- 
tilled water control, fell within limits of experimental error of the potency 
of the reference standard. The exception, namely, that for citrate concen- 
tration 0.03125 M, was greater than the reference potency by 2.51 times 
its standard error, the deviation approaching the 1-percent level of signi- 
ficance. This suggested that a slightly, but possibly significantly higher 
potency was obtained at concentration 0.03125 M of citrate. 

Because this borderline result could not be interpreted conclusively, and 
because of the importance of possible implications of a true optimal con- 
centration of citrate, the experiment was repeated under identical condi- 
tions (experiment 3; see square points of text-figure 2). The potency 
estimate for citrate concentration 0.03125 M fell above the standard in 
experiment 3, as in the preceding experiment, but the deviation in this 
instance was not statistically significant. The result was not inconsistent 
with that of the preceding experiment, however, since the standard errors 


, + 96.7 
of the 2 results overlapped. Their mean (231.4 he : percent ; 2.364 


+ 0.152 log percent) was higher than the standard potency by 2.39 times its 
standard error, and the question of an optimal concentration of citrate 
at molarity 0.03125 therefore remained equivocal (0.01<P<0.05). 
Since the evidence for an optimum rested primarily on a single observa- 
tion of borderline significance, and, because uncontrolled sources of varia- 
tion (2. e., sources which are not taken into account by the statistical 
procedures) may sometimes enter into biological studies, another experi- 
ment was performed to investigate the question further using larger num- 
bers of test chickens for the bioassays (experiment 4; see text-figure 3). 
The experiment was performed under the same general conditions as the 
other experiments at 6°-8° C., but only 3 concentrations of citrate were 
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investigated, namely, 0.03125, 0.0625, and 0.1 M, and quadruplicate tests 
were carried out at each concentration. 

As may be seen from text-figure 3 the results were the same, within limits 
of experimental error, for all 3 concentrations of citrate and in no instance 
was there a significant deviation from the reference standard. The ques- 
tion of an optimal concentration at molarity 0.03125 was therefore ruled 
out of practical consideration by the more precise bioassay results of this 
experiment. 

The quadruplicate samples of the 0.1 M citrate concentration in experi- 
ment 4 were identical in every respect with the samples of standard with 
which they were compared in the bioassays. Their potencies were known, 
therefore, to be the same as the standards, and the estimate of potency 
derived from the combined bioassay data provides a check on the accuracy 
of the bioassay method under the particular conditions involved in these 


, . +30.2 
experiments. The estimated potency value, namely, 109.3 H 93.7  per- 


cent (2.039+0.106 log percent) was well within limits of error of the 
standard (100 percent ; 2.000 log percent), and the reliability of the assay 
conditions and procedures was, therefore, confirmed. 

The result obtained with saturated citrate buffer at 6°-8° C. (experi- 
ment 5) is shown by the open circle at the extreme right of text-figure 
4. Also included in this figure are the averages of all of the results of 
the preceding experiments carried out at 6°-8° C. (the smaller standard 
errors shown for the averages at citrate concentrations 0.03125 through 
0.1 M are due to the larger numbers of biological observations at these 
levels). Itis seen that the potencies were the highest, and were essentially 
the same in the tumor-agent suspensions having concentrations of citrate 
of from 0.0039 through 0.1 M. The average potency within the molarity 
range of from’ 0.125 M through essentially complete (97 percent) satura- 
tion was 1.81 log percent, or about 65 percent as compared with the 
reference standard (7. e., the 0.1 M concentration of citrate). Although 
the potency estimates at these higher concentrations did not differ sig- 
nificantly from the standards as individuals, it is improbable that all 9 of 
the estimates made in 3 experiments (numbers 2, 3, and 5) would be lower 
than their corresponding standards due to chance variation alone. Taken 
together, they represent a relatively slight, but real, decrease in potency 
at the higher citrate concentrations. The average decrease of about 35 
percent was not sufficient to preclude use of the stronger citrate concentra- 
tions in quantitative investigations on the agent at 6°-8° C. The fact 
that the potencies did not show a regression on concentration, but rather 
indicated a similar slight reduction at all levels above 0.125 M, suggests 
that the effect may have been due to aggregation of the agent particles (or 
their admixture with other aggregated or insoluble constituents) at the 
higher citrate concentrations. 

The similar, slightly lowered, average potency for the 2 distilled-water 
suspensions of tumor agent could have resulted due to chance alone. The 
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biological observations on this type of material were not sufficient for the 
detection of a real difference in potency amounting to only 39 percent. 


DISCUSSION 


The results of this study provide quantitative information on the amount 
of biological activity remaining in citrate buffers of various molar concen- 
trations after a period of 3 hours at each of 2 temperatures (37° and 
6°-8° C.). They also confirm the reproducibility of results obtained with 
citrate buffers (2) and provide a basis for the planning of further 
quantitative investigations on the agent of chicken tumor I under stable 
experimental conditions. 

It should be emphasized that the quantitative potency determinations 
presented herein represent determinations of tumor-producing potential- 
ity, as indicated by the particular biological response employed [2. e., latent 
period, see reference (5) ], and not necessarily the actual total amount of 
active-agent substance. For example, it is possible that physical aggrega- 
tion of fully active agent particles in a suspension might lower the tumor- 
producing potentiality of the suspension although the total amount of 
active agent remained unchanged. For this reason it is not possible to 
interpret definitely the significance of slight (7. e., in relation to the 
bioassay error) changes in potency such as those observed with the higher 
concentrations of citrate at 6°-8° C. The highly significant (7. ¢., in 
comparison with the bioassay error) decreases in tumor-producing poten- 
tiality observed with some concentrations of citrate at 37° C., on the other 
hand, could not be entirely explained by the phenomenon of aggregation, 
and they therefore undoubtedly represent some considerable loss in the 
actual total amount of active-agent substance. 

The fact that concentrations of citrate up to that of practically complete 
saturation were tolerated for 3 hours at a temperature of 6°-8° C. 
without appreciable loss in activity, suggests that strong citrate concentra- 
tions might be used in conjunction with physical or chemical procedures 
for the further fractionation of preparations containing the agent such as 
the microsome suspensions employed in the present experiments. For 
example, the densities of suspending solutions might be increased, up to 
about 1.25, as an aid to separation of the microsome constituents by dif- 
ferential centrifugation; or, possibly, strong concentrations of citrate 
might be used for their chemical separation in a manner similar to that in 
which strong concentrations of ammonium sulphate have been used, but 
with less damaging effects on the highly labile tumor agent. 


SUMMARY 


Quantitative determinations were made of the biological activity of 
suspensions of the agent of chicken tumor I (Rous) in pH 6.7 citrate 
buffers of various molar concentrations. Observations were carried out 
both at temperatures of 37° C. and of 6°-8° C. 

At 37° C. there was some loss in potency during a period of 3 hours 
at all concentrations of citrate tested ; but, within the concentration range 
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0.0078 to 0.5 M, the loss averaged only about 30 percent, and was there- 
fore not sufficient to preclude the use of citrate buffers for investigations 
on the agent at this temperature. 

The agent remained fully active at 6°-8° C. in all concentrations of 
citrate from 0.0039 to 0.1 M. Higher concentrations, up to practically 
complete (97 percent) saturation, were tolerated at this temperature with- 
out excessive loss (7. ¢., only about 35 percent, on an average) in tumor- 
producing activity. 
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NUCLEOLAR VOLUME CHANGES IN THE 
MOUSE PANCREAS AFTER REPEATED 
PILOCARPINE INJECTIONS *? 


Hisako O. YoKoyaMa and Rosert E. STOWELL, Department 
of Oncology, University of Kansas Medical Center, Kansas 
City, Kansas. 


Evidence from ultraviolet cytochemical studies on different types of cells 
indicates an important role of the nucleolus and the nucleolus-associated 
chromatin in the formation of cytoplasmic protein (2-4, 19, 20). 
Although nucleolar enlargement is found under various conditions, its 
frequent occurrence in actively growing and protein-producing gland 
cells, both of which contain increased amounts of ribose nucleotides and 
protein in the cytoplasm, merits further investigation. 

Caspersson, Landstrém-Hydén, and Aquilonius (5) have reported that 
after pilocarpine injections the cytoplasmic nucleotides and protein are 
considerably reduced in the pancreatic acinar cells but are rapidly re- 
synthesized during the restoration of zymogen granules. At this time 
the nuclear membrane also shows a stronger ultraviolet absorption and is 
surrounded by large cytoplasmic masses of nucleotides. The present study 
was undertaken to obtain data on the relationship of nucleolar volume 
changes to protein production in the pancreatic acinar cells. It was 
found that there is a definite increase in the nucleolar volume during the 
resynthesis of zymogen granules after their discharge following pilocar- 
pine stimulation. 


MATERIALS AND METHODS 


Strain A male mice, 10 to 13 weeks old, were used. Several preliminary 
experiments were performed to establish suitable dosages. Nineteen 
animals each weighing 24 + 1 gm. were selected and fasted for 18 hours 
prior to injections. After fasting the average weight decreased to 21 + 1 
gm. The animals were kept in individual wire-mesh cages and fasted 
throughout the experiment. Each mouse was given 0.1 cc. per 10 gm. of 
body weight of a 0.5 percent solution of pilocarpine hydrochloride (NF) 
intraperitoneally. This dosage was given 6 times at hourly intervals. 
Twelve control animals of the same age and weight were subjected to the 
same experimental conditions except that they received comparable in- 
jections of distilled water. 

1 Received for publication December 14, 1950. 


2 Aided by grants from the National Cancer Institute and the American Cancer Society on 
the recommendation of the Committee on Growth of the National Research Council. 
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The animals were killed at 14, 6, 14, 24, and 48 hours after the last in- 
jection. The tail of the pancreas was fixed in Maximow’s modification 
of Helly’s fluid, using neutralized formalin, and paraffin sections were 
cut at4 microns. The procedure for the preparation of tissues was stand- 
ardized as much as possible in order to minimize variations in results due 
to technique. Some slides were stained by Feulgen’s technique and 
counterstained with alcoholic fast green FCF; others were stained with 
hematoxylin-eosin and with eosin-azure II. 

Nucleolar diameters were measured with a filar micrometer eyepiece 
from Feulgen preparations with the use of a green filter. AJ] measure- 
ments were made by one of the authors, since experience in our laboratory 
has shown that several observers who may obtain slightly different aver- 
ages from the same sample are consistent within themselves. The nucleoli 
were measured from groups of adjacent nuclei in different areas which 
were selected to give adequate representative sampling. Nucleoli in at 
least 50 nuclear sections were measured for each animal, with the total 
number of nucleoli exceeding 100 in all cases. All the nucleoli for each 
nuclear section were recorded in order to obtain the average total nucleolar 
volume per nucleus. Diameters were measured for the nucleolar material 
only, excluding the nucleolar-associated chromatin (heterochromatin) 
stained by the Feulgen reaction. For computation it was assumed that 
the nucleoli were spherical, and the volumes were calculated from the 
formula 4/3 z r*. Errors resulting from slight irregularities in the shape 
of nucleoli are obviated by the large numbers of these measurements for 
each tissue. Although the results are presented in cubic microns, the values 
serve for comparative purposes only, since differences in the method of 
fixation and subsequent treatment affect the volumes of different compo- 
nents of tissues (1/8). The data were analyzed statistically to determine 
the significance of the results. 

A separate series of 30 male animals was divided into 5 groups of 6 
each. One group served as normal controls and the others were fasted 
for 18, 36, 48, and 72 hours in order to observe the histologic appearance 
of the acinar cells during prolonged fasting. 


RESULTS 


The effects of pilocarpine were manifest within 10 minutes after each 
injection by copious weeping, diarrhea, and salivation. The pancreas 
appeared whiter and firmer than in the controls at the first half hour 
after the last injection. 

After the pilocarpine treatment the pancreatic acinar cells showed 
diminished amounts of zymogen granules. Although there was some 
variation in cell size in different animals, there appeared to be a slight 
tendency toward enlargement of the cells when compared with those of 
control animals. In most instances the majority of the cells were enlarged 
to the same degree in one pancreas. Some animals, however, showed no 
noticeable increase in cell size over that of controls, and this may have 
been due to individual variations at the beginning of the experiment or 
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differences in response. Variations in morphological and chemical com- 
position of the exocrine pancreas after fasting have been observed by 
others (10,21). By 24 hours after the last injection the granules were 
fully restored in the acinar cells regardless of cell size. Throughout the 
experiment the control animals possessed small- to moderate-sized cells 
with variable amounts of stored granules. Large cells were present only 
around islets and blood vessels. 

Various degrees of cytoplasmic vacuolation occurred in the acinar cells 
at 14, 6, and 14 hours after the pilocarpine injections. Many small 
vacuoles were present in the intermediate zone of the cytoplasm between 
the basal and granular portions, particularly in enlarged cells. These 
vacuoles sometimes appeared as clear spaces around single or confluent 
zymogen granules. When large vacuoles were present, they were local- 
ized chiefly in the basal portion of the cytoplasm. The cells from the 
24- and 48-hour groups contained few if any vacuoles. The control 
animals showed only a few vacuoles in an entire section or none at all. 

A definite increase in nucleolar volume was observed in the acinar cells 
during the recovery period after repeated pilocarpine injections. The 
results are presented in table 1. Statistically significant enlargement was 


TABLE.1.—Nucleolar volumes*of pancreatic acinar cells 
































Average nucle- | Average nucle- 
No. of hours after last injection No. of mice | No.ofnucleoli| No. of nuclei | olar volume | olar volume in 
measured in wp? » * per nucleus 
Control Mice 
ORR ae | 4| 508 297 2.19 3. 75 
Dileia hacia ua aemeeiel 3 300 184 2. 31 3. 76 
RS ee eae 3 323 178 2. 39 4. 33 
Erperimental Mice 
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ae 3 305 183 3. 20 5. 34 
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ee eee aa 401 270 1. 83 2.7 





found in the 14-, 6-, and 14-hour groups when compared with their 
respective control animals. The average nucleolar volume as well as the 
average total nucleolar volume per nuclear section returned to normal at 
24 hours and was below normal at 48 hours. 

Figure 2 illustrates the acinar cells with large nucleoli from an animal 
that was sacrificed 14 hours after the last injection of pilocarpine. These 
cells had an average nucleolar volume of 3.21 cubic microns and an 
average total nucleolar volume of 5.26 cubic microns per nuclear section. 
The respective volumes from a control tissue (fig. 1) for the same period 


were 2.19 and 3.77 cubic microns. — 
Intranucleolar structures, which appear to be vacuoles similar to those 


described by Saguchi (17) for frog pancreas, were observed in the control 
934617—51——7 
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and experimental tissues. They appeared colorless with all three staining 
methods employed. When multiple vacuoles were present, they imparted 
an alveolar appearance to the nucleolus. The number of nucleoli contain- 
ing these intranucleolar structures was more numerous in some of the 
experimental animals than in the control animals. 

Fasting alone caused storage of the granules and a slight to moderate 
enlargement of cells at 18 hours. This increase in size, however, was 
neither as great nor as uniform as after pilocarpine treatment. Those 
animals fasted for 36, 48, and 72 hours showed small to moderate-sized cells, 
with varying degrees of granule storage. 


DISCUSSION 


The pancreatic acinar cells show a significant nucleolar enlargement 
during the rapid synthesis of the protein-rich zymogen granules after in- 
tense stimulation. This result is in accord with the current concept of 
nucleolar change under different growth conditions and its active function 
in the production of large amounts of cytoplasmic protein. Of the various 
samples of tissues removed at different intervals after stimulation, those 
collected at 14 hours exhibited the largest average nucleolar volume, after 
which there was a decrease in size. The volumes approached the control 
values at 24 hours, by which time the restoration of zymogen granules had 
apparently been completed in the majority of the cells. Van Weel and 
Engel (21) showed chemically that, following an intravenous injection of 
pilocarpine, the carboxypolypeptidase content of the mouse pancreas 
dropped sharply at 3 hours and returned to normal levels at 12 hours, with 
closely related changes in the amount of zymogen granules. Apparently 
the time required for the cells to reconstitute their granules depends upon 
the intensity and duration of the stimulus (9, 15). 

Caspersson and co-workers (2, 3) suggest that the nucleolus-associated 
chromatin produces the protein substances that accumulate in the nucleolus 
from which there is a migration toward the nuclear membrane. Ribose 
nucleic acids are then produced in the juxtanuclear cytoplasm with a simul- 
taneous augmentation of cytoplasmic protein. Subsequent to pilocarpine 
treatment the pancreatic cells contain increased concentrations of nucleic 
acid in the basal portions of the cytoplasm, especially near the nuclear 
membrane (5, 15). It is believed that the nucleolus plays a significant 
role in this system and that its enlargement precedes the increase in 
ribose nucleic acid and protein in the cytoplasm. Ludford, Smiles, and 
Welch (73) disagreed somewhat with the above view. They observed in 
ultraviolet micrographs from living malignant cells that the cytoplasmic 
absorption occurs in the more peripheral parts of the cells and not in the 
vicinity of the nucleus. They suggested that the mitochondrial-cytoplas- 
mic interfaces might be the site of protein synthesis. 

The nucleolar volume evidently changes under different conditions of 
growth and function (2, 8,19). Stowell (19), studying the regenerating 
rat liver after partial hepatectomy, found an enormous increase in the 
nucleolar volume, the peak of which occurred at 24 hours. Ultraviolet 
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absorption measurements for comparable materials showed that a signifi- 
cant increase in the nucleic acid content of the nucleoli followed at 36 
hours of regeneration and was still higher at 42 hours. Although some 
investigators have stressed the significance of large nucleoli in malignancy 
(14), later work (7, 20) has shown that this cannot be used as the sole 
criterion for malignancy. 

In the present study no attempt was made to determine the nature of 
the intranucleolar vacuoles. Page, Regan, and MacCarty (16) observed 
the effects of different techniques of fixation and staining on these struc- 
tures in normal and neoplastic human tissues. Despite the lack of direct 
evidence, they believed as did Saguchi (17) that the argentophile bodies 
after formalin fixation were identical with the vacuoles after other 
fixatives. These investigators found that the more malignant tissues con- 
tained greater numbers of these intranucleolar vacuoles. Lewis (12) 
observed these structures in some but not all malignant fibroblasts. Brock, 
Stowell, and Couch (7) described their occurrence in mouse liver. 

Cytoplasmic vacuolation of the pancreatic acinar cells may be produced 
by pilocarpine (6) and other parasympathetic stimulation. Leblond and 
Sergeyeva (11) observed this after treatment with a potent parasym- 
pathetic drug, acetylcholine. They could not demonstrate fatty sub- 
stances with Sudan III and concluded that vacuolation was due to 
autodigestion from activation of zymogen granules. 

Although no measurements of the acinar cells were made, a slight 
tendency toward enlargement of these cells was observed after pilocarpine 
injections. This may possibly be due to a compensatory response after 
repeated intense stimulation. Such results were obtained in the prelimi- 
nary studies as well as in the final experiment reported here. 


SUMMARY 


Repeated intraperitoneal injections of pilocarpine cause an enlargement 
of the nucleoli in the pancreatic acinar cells of mice. This occurs con- 
comitantly with the restoration of zymogen granules and would tend to 
support the current view that the nucleoli actively participate in the metab- 
olism of cells engaged in production of large quantities of cytoplasmic 
protein. 
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PLATE 99 


Figure 1.—Acinar cells of the pancreas from a control mouse killed at 14 hours after 
the last injection of distilled water. Feulgen reaction. X 1,350. 

Figure 2.—Large nucleoli in the acinar cells of the pancreas from an experimental 
mouse at 14 hours after the last injection of pilocarpine. Feulgen reaction. 
X 1,350. 
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MAMMARY-TUMOR INCIDENCE IN FE- 
MALE C3Hb MICE FOLLOWING LONG- 
CONTINUED GAMMA IRRADIATION? 


Econ LORENZ, ALLEN B. ESCHENBRENNER, WALTER BD. HEs- 
TON, and Detta UpHorr, National Institutes of Health, 
National Cancer Institute, U. 8. Public Health Service, 
Bethesda, Md., and Argonne National Laboratory, Chicago, 
Tu. 


INTRODUCTION 


Mice of certain strains such as C57 black or L (C57 leaden), assumed not 
to carry the milk agent, have a very low incidence of mammary tumors 
(less than 1 percent). On the other hand, mice such as those of strain 
C3H, which carry the milk agent, have a high-tumor incidence that may 
reach 95 to 100 percent. It is also well established that hormonal stimu- 
lation caused by breeding will increase the mammary-tumor incidence 
when this incidence is low in virgins carrying the milk agent, such as those 
of strain A. 

This report deals with the effects of irradiation on the mammary-tumor 
incidence in agent-free C3Hb mice (7) derived from a litter taken from 
the C3H mother by Caesarean section and foster nursing a C57 black 
female that did not have the milk agent. 

Furth and Furth (2) and Furth and Butterworth (3) were, to our 
knowledge, the first to study the effect of acute exposures of mice to whole- 
body roentgen radiation on mammary-tumor development. They found 
that the over-all incidence of mammary tumors decreased in comparison 
with that of the controls but the incidence of this tumor was high in those 
irradiated mice that developed granulosa-cell tumors of the ovaries. They 
attribute these findings to the fact that following irradiation the ovaries 
are sterile but continue to produce hormones though in greatly diminished 
amounts, hence a decreased mammary-tumor incidence during that time. 
However, later when ovarian tumors of the granulosa-cell type have be- 
come established, the incidence increases again as these ovarian tumors 
produce hormones. Lorenz and Heston (4) exposed C3H mice to doses 
of gamma radiation of 4.4 r, 1.1 r, 0.11 r, and 0.044 r daily (24 hours) for 
10 to 15 months to total accumulated doses of 1,000 r and higher at the 4.4 r 
exposure. Although the females became sterile after having received 
a total dose of 465 r, and although one group was irradiated with 4.4 r from 
the time of the fertilization of the ova, the data on mammary-tumor inci- 


1 Received for publication December 22, 1950. 
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dence seemed to indicate that irradiation under the conditions of the 
experiment had no influence upon the incidence of mammary tumors. 

In another series of experiments, Lorenz et al. (5) irradiated LAF, 
mice beginning at the age of 2 to 3 months with doses of gamma radiation 
of 8.8 r, 4.4 r, 2.2 r, 1.1 r, and 0.11 r daily (8 hours) for their entire life 
span. LAF, mice are derived from crossing of strain L mothers with 
strain A fathers; they do not carry the milk agent as was evidenced by 
a zero incidence in control animals. Al] experimental groups of females 
with the exception of the group exposed to 0.11 r showed an incidence of 
mammary carcinomas ranging from 4 to 14 percent for different dose 
levels (table 1). Moreover, all experimental groups with the exception of 
the 8.8 r group irradiated over the entire life span developed sarcomas at 
the site of the mammary gland in percentages ranging from 13 to 25 per- 
cent. They will be referred to subsequently as mammary sarcomas for 
brevity. 


TABLE 1.—Incidence of mammary tumors in chronically irradiated LAF, mice 














| | Incidence 
Number of | 

Group “ao | Mammary Mammary 

carcinoma sarcoma 

percent percent 
SS ee a ee eT oe ee | 29 | 0 0 
STII. ns ceniauesoansiniattantihetindindateniattamnaas | 20 | 0 25 
LE EEL Se ee ee ao eNe ee ee eee  e e | 24 | 4 | 25 
EAA ESE STF: | 20 15 | 25 
a a ee | 24 8 | 21 
SL Ee eee ee ne 23 | 4 | 0 
PAARL NIE EM 15 | 7 13 





1 Limited exposure to 320 r or 680 r, respectively. 


No test for the presence of a milk agent was made in this experiment. 
For this reason, it could not be decided whether or not prolonged irradia- 
tion with the small daily doses of gamma radiation might have activated 
a weak milk agent that was present or destroyed an inhibitor, or whether 
or not other factors caused the appearance of the tumors. Furthermore, 
while a few mammary carcinomas and sarcomas were observed in the 
presence of nonsecreting ovarian tumors, the great majority of the 
mammary tumors was associated with a granulosa-cell tumor of the ovary. 
Since no serial sections of the ovarian tumors were made, the possibility 
existed that the nonsecreting tumors were actually mixed tumors con- 
taining granulosa-cell elements. 

As it seemed possible, though unlikely, that the induction of mammary 
carcinomas, and especially of mammary sarcomas, might be a peculiarity 
of the LAF, mice used in these experiments, it was decided therefore 
to repeat these experiments with a larger number of mice to be exposed 
to the highest available dose rate of 8.8 r daily (8 hours) only; and to 
use a different strain of mice, C3Hb, which are free from the milk agent. 
The history of this strain has recently been given by Heston et al. (1). 
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MATERIALS AND METHODS 


Ninety-six female strain C3Hb mice were used as experimental animals 
and 16 virgin females served as controls, mainly for weight measurements 
and study of the picture of the peripheral blood. A larger number of 
controls was not necessary as at the same time a group of 160 virgin con- 
trols, foster nursed on C57 black mothers, and a group of 188 breeder 
controls were under study by Heston (7). Exposure was started at the 
age of 1 month and continued until the animals died or were killed when 
in moribund condition. The experimental arrangement has been given 
elsewhere in detail (6). 

The source of the gamma radiation was radium sulfate contained in a 
capsule of platinum 406.4 mm.; 0.5-mm.-wall thickness. In equilib- 
rium, it has at present 990.2 mg. of radium element. The geometric 
center of each box of experimental animals was placed at approximately 
80 cm. from the source. At this distance the gamma-ray intensity at the 
midpoint of the box was determined with 0.25 r and 25 r ionization 
chambers to be 1.1 r per hour. Because of the varying distance of the 
different points inside the box from the source, the gamma-ray intensity 
varied from point to point, the maximum variations being approximately 
+10 percent. Since the mice were forced to feed and drink along the mid- 
line of the cages, the variations in total doses among the different experi- 
mental mice was probably less than +10 percent. The daily exposure time 
was 8 hours. 

Blood counts were taken on 16 experimental animals and on the 16 
controls. Counts were taken on the experimental animals at the beginning 
of the experiment at 4-week intervals for 9 weeks, and at 2-week intervals 
thereafter. Counts on the controls were made similarly, except that the 
2-week intervals were not started until the 17th week. The procedure of 
taking blood samples and the counting technique have been reported 
elsewhere (5). All experimental animals and the 16 control animals were 
weighed every week. The experiment was started in June 1946 and termi- 
nated in April 1948. All surviving animals of the control group of 16 
animals were killed when the last experimental animal came to autopsy. 


RESULTS 


The mean-survival time (zero day=first day of exposure) for the ex- 
perimental animals was 405+10 days; for the virgin controls (nursed on 
strain C57 black females), 684+11 days, and for the breeder controls, 
576+11 days. The differences in mean-survival time are highly signifi- 
cant. Survival curves are given in text-figure 1, in which the points 
represent the number of survivors at the end of an interval of 30 days. 
The mean accumulated dose of the exposed animals was 3,570 r, and the 
highest accumulated dose reached 5,540 r. 

Figure 2 gives the weight curves of the two groups as running averages. 
Up to approximately 1 year, the weight curves of both groups are the same. 
Later, the weight of the experimental animals drops more rapidly than 
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that of the controls, and toward the end the weight of the experimental 
animals is approximately 70 percent of that of the controls. A similar 
effect was observed in LAF, and strain A mice exposed to 8.8 r daily 
(8 hours) which showed weights comparable to those of controls for 
approximately 1-year exposure (4). 

In plotting the data on the cell content of the peripheral blood gen- 
erally, all terminal counts of animals in which a drastic reduction of one 
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TExtT-FIGURE 1.—Percentage survival of control and experimental C3Hb female mice. 
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or more of the hematologic constituents indicated imminent death are 
omitted. Likewise, only the last apparently normal blood count of 
animals that developed evidence of leukemia in the peripheral blood is 
included. Text-figure 3 gives the curves for the white-cell counts of the 
peripheral blood, and text-figure 4 the curves for the red-cell count, 
hemoglobin content, and platelet count. 
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TExtT-FIcURE 3.—Leukocyte, lymphocyte, and heterophil counts of controls and of 
exposed C3Hb mice. 


Considering that total doses at the 8.8 r exposure ran up to above 5,000 
r, the hematologic constituents of the peripheral blood of the C3Hb mice 
showed surprisingly little change, and the pattern observed is in complete 
agreement with that observed in previous experiments with LAF, and 
strain A mice exposed under the same conditions (5). Shortly after the 
exposure started, the leukocyte count began to drop but leveled off after 
several weeks in comparison with nonirradiated controls. Toward the 
end of the experiment, control as well as experimental counts rose, the 
experimental count more than that of the control. This may have been 
due to an infection of unknown origin in the older animals, but it indicated 
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TEXT-FicURE 4.—Red-cell count, hemoglobin content, and platelet count of controls 
and of exposed C3Hb mice. 


that the hematopoietic system of the experimental animals still had suffi- 
cient reserve to respond with an increase in leukocytes. The lowered 
value of the leukocytes in the experimental animals is mainly accounted 
for by a reduction of the number of circulating lymphocytes, as the curve 
of the heterophils is only significantly different from the curve of the 
heterophils of the controls during the 25th to 35th weeks. The depression 
in the red-cell count of the experimental animals is slight, the hemoglobin 
content remaining more or less unchanged. The values for the platelets 
show a more or less constant depression which increases, however, in the 
last surviving animal. 

Ninety-one of the original 96 experimental animals were available for 
histologic studies. In the remaining 5 animals, post-mortem autolysis 
was so considerable that histologic studies were not feasible. In tables 2, 3, 
and 4 the incidence of the most frequent tumors—mammary tumors, lym- 
phoid tumors, and ovarian tumors—are given. 

Histologic sections were prepared of the subcutaneous tumors, ovaries, 
and other neoplasms such as lymphoid tumors, pulmonary tumors, and 
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hepatomas. The tissues were fixed in Zenker-formol solution (90 parts 
Zenker’s solution and 10 parts formaldehyde), blocked in paraffin, cut, and 
stained with hematoxylin andeosin. In addition, Wilder’s reticulum stain 
was used on some mammary tumors. 

The mammary tumors were examined histologically and sorted accord- 
ing to the criteria outlined by Dunn (7). She defined criteria which 
permitted the classification of mammary tumors into four groups: adeno- 
carcinoma, adenoacanthoma, carcinosarcoma, and sarcoma. These criteria 
were carefully outlined for mice of the dba strain which were painted with 
methylcholanthrene. Subsequently Dunn (7) has found this classification 
to be equally applicable to C3Hb breeders. Most of the tumors observed 
in the C3Hb breeders were adenocarcinomas and adenoacanthomas but one 
carcinosarcoma and one sarcoma of the mammary-gland region also were 
found. All four types of mammary tumors induced in dba mice by 
methylcholanthrene painting were found also in the chronically irradiated 
C3Hb mice. The applicability of the classification originally devised for 
the dba mammary tumors to the C3Hb mammary tumors induced by irradi- 
ation is permissible by virtue of their similarity and is desirable in facilitat- 
ing comparison with data from other experiments. Some representative 
photomicrographs are given in figures 1-6. 

The occurrence of the mammary tumors is recorded in table 2. For the 
compilation of the table, 1 week prior to the first observation of the tumor 
was taken as the time of appearance of the tumor. The total tumor in- 
cidence was 47 percent, with a mean tumor age of 16.2 months. Broken 
down into mammary carcinomas (adenocarcinoma and adenoacanthoma) 
and sarcomas, an incidence of 20 percent, with a mean tumor age of 15.9 
months, is obtained for the carcinomas and an incidence of 30 percent, 
with a mean tumor age of 17.1 months, for the sarcomas. The animals 
that had both tumors at different sites (rows 7 and 8 of table 3) are in- 
cluded in both incidence figures. 

Strain C3Hb is known to have a low incidence of lymphoid tumors (leu- 
kemia) of the order of magnitude of a few percent. Chronic irradiation 
to 8.8 r daily (8 hours) elicits under the conditions of this experiment a 
lymphoid tumor incidence of 36 percent, with a mean tumor age of 13.5 
months. As it is impossible to determine the onset of the disease, the mean 
tumor age given is based upon the time of autopsy. The occurrence of 
leukemia tabulated according to the lymphatic structure involved is 
recorded in table 3. 

The data indicate that in the majority of cases the thymus was involved. 
However, the histologic types of lymphoid tumors are quite variable. 
Beside the variation in the number of structures involved there were also 
considerable differences in the degree of secondary infiltration in other 
organs. This is in agreement with data on incidence of lymphoid tumors 
observed following acute exposures to roentgen radiation. 

The data on ovarian tumors are compiled in table 4. The classification 
of the ovarian tumors induced by irradiation described by Furth and But- 
terworth (3) will be used to facilitate comparison of the currently pre- 
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sented data with other data. Following disappearance of the follicles 
from the ovary, consistently invaginative tubular downgrowth of the 
surface epithelium was found. When such downgrowths had proliferated 
to the stage at which their mass equaled or exceeded that of the size of a 
normal ovary, they were tabulated as tubular adenomas. A second type 
of tumor was the luteoma, and a third type the granulosa-cell tumor. To 
facilitate analysis of the data, two further subdivisions have been used; 
mixed tumors with or without granulosa-cell components. 

As ovarian tumors rarely kill the animals, the time of occurrence given 
in the table is the time of autopsy. The incidence of ovarian tumors was 
found to be 88 percent, which included only those cases in which an 
unequivocal diagnosis could be made. It is of interest to note that the 
majority of the tumors observed were granulosa-cell tumors and those con- 
taining granulosa-cell elements. According to Furth and Butterworth 
(2), such tumors secrete hormones. Their connection with the mammary 
tumors will be discussed on page 958. 

Aside from the tumors described, other neoplasms were observed. Of 
these, the pulmonary tumors and hepatomas show an incidence greater 
than that of the controls. Heston’s (7) data indicate that in his 188 
breeders the lung-tumor incidence was 2.7 percent and the hepatoma inci- 
dence 4.8 percent. The lung-tumor incidence in the chronically irradiated 
C3Hb mice was 14 percent and the hepatoma incidence 8 percent. The 
over-all incidence of hepatomas, however, is not greater than the incidence 
of 9.4 percent found by Andervont (8) in C3H females without the milk 
agent when over 15 months of age. The data given are merely qualitative 
as both tumors rarely kill the animals. Both tumors are diseases of old 
age. The significance that these tumors were induced by irradiation is 
increased by the fact that the mean-survival time of the irradiated animals 
was considerably shorter than that of breeders. 


DISCUSSION 


The results of this experiment confirm previous findings on mice 
chronically exposed to gamma radiation under conditions identical with 
those of the present experiment. Although data are available on only 
LAF, hybrids, it seems that they allow general conclusions as to survival, 
hematopoietic effects, and carcinogenesis. The mean survival time of the 
C3Hb mice, after the beginning of the exposure, was found to be 405+ 10 
days, with a mean accumulated dose of 3,570 r; while the mean survival 
of LAF, mice was 488+ 11 days, with a mean accumulated dose of 4,300 r. 
Control C3Hb mice had a mean survival time of 684+ 11 days and control 
LAF, mice a mean-survival time of 703+ 23 days. In the data of the 
LAF, mice, males and females are considered together, since no sex 
difference in survival was found. In comparing the survival data, it must 
be considered that the exposure of C3Hb mice was begun at the age of 1 
month, when the animals were not mature, while irradiation of the LAF, 
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mice was started at maturity (approximately 3 months). This age differ- 
ence may be responsible for the earlier death of the exposed C3Hb mice. 

At the chronic dose of 8.8 r daily (8 hours), the death of the mice is in 
part due to the carcinogenic action of the irradiation and in part due to as 
yet unknown causes. The carcinogenic action of whole-body irradiation 
seems to be to increase the incidence and decrease the tumor-development 
time of spontaneously occurring tumors. So far, no tumor has been ob- 
served following whole-body chronic irradiation that has not been observed 
spontaneously. Moreover, evidence is mounting to indicate that systemic 
effects of the irradiation may play a more important role in carcinogenesis 
than is generally assumed. Most of the evidence for a systemic action 
has been brought forth in the induction of leukemia in mice (9, 10). The 
findings of the present experiment, that carcinomas and sarcomas are in- 
duced at the site of the mammary gland, also point toward a systemic effect. 
This is, however, not yet conclusive. 

The induction of mammary tumors in chronically irradiated virgin 
mice is the most interesting outcome of the experiment. Heston et al. (1) 
found in 160 virgin mice of the same strain, nursed on C57 black females, 
a mammary-carcinoma incidence of 4 percent. However, when C3Hb 
females were intensely bred, 38 percent out of 188 females developed mam- 
mary carcinomas, with an average tumor age of 20.3 months. Tests for the 
milk agent by preparing cell-free filtrates from the tumors and injecting 
them into susceptible female mice, 1 to 5 days of age, failed to show the 
presence of the milk agent. The fact that the intensely bred mice de- 
veloped mammary carcinomas has been explained by Heston as follows: 
Many factors both genetic and nongenetic may be influential. Further- 
more, even if one of the factors such as the milk agent is missing, the 
preponderance of another factor may be sufficient to carry over the 
threshold of tumor formation. In intensely bred C3Hb females this other 
factor is hormonal stimulation, hence, the increase in mammary tumor 
incidence over that of the virgins. In the breeders, the tumors were mainly 
adenocarcinoma and adenoacanthoma with but 1 sarcoma of the mammary- 
gland region and 1 carcinosarcoma; in the irradiated virgin animals the 
sarcomas predominated, the sarcoma incidence being 30 percent, with a 
mean tumor age of 17.1 months, and the adenocarcinoma and adenoacan- 
thoma incidence being 20 percent, with a mean tumor age of 15.9 months. 
The finding of sarcomas, adenocarcinomas, adenoacanthomas, and car- 
cinosarcomas of the mammary gland may lead one to consider that these 
histologically different tumor types have a very similar etiologic factor. 
On the other hand, by the painting of agent-free dba mice with methylcho- 
lanthrene (7), Andervont induced the same type of tumors as were found 
in irradiated mice. No ovarian tumors were observed grossly in the 
painted dba mice. Feeding of methylcholanthrene or dibenzanthracene 
produced atrophy of the ovaries (10, 11). However, since the amounts 
of methylcholanthrene ingested is far in excess of the amounts used in 
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painting, it is possible that ovaries of painted animals are more or less 
normal. It can be assumed, therefore, that the tumors in the dba animals 
were not caused by excessive hormonal stimulation as in the C3Hb breeders, 
but rather by a direct action of the methylcholanthrene absorbed through 
the skin upon the mammary gland. Of course, it can also be argued that 
methylcholanthrene in the small amounts present in the animal after 
painting may act like a hormone. 

What is the mechanism by which chronic irradiation induces tumors of 
the mammary gland? Previous experiments (4) have shown that the ster- 
ilization dose for strain C3H female mice (carrying the milk agent) is 
approximately 500 r when exposed chronically to 4.4 r daily (24 hours). 
There is no reason to believe that the sterilization dose for C3Hb mice is 
different from that of C3H mice. From other experiments (5) we are 
justified in assuming that the sterilization dose for chronically irradiated 
mice is independent of the dose rate and that only the total accumulated 
dose is important. Hence, C3Hb mice exposed to 8.8 r daily (8 hours) are 
probably sterile after 2-3 months of exposure. Although sterilization by 
irradiation does not mean cessation of the production of estrogenic hor- 
mones, the amount produced will certainly be less than that of normal 
virgins. Later in life the irradiated animals develop ovarian tumors, 
the first tumors being observed at 8 months of age. While the early 
tumors were either luteomas, or tubular adenomas, the later tumors be- 
ginning at 10 months of age were predominantly granulosa-cell tumors 
or mixed tumors containing granulosa-cell elements. 

According to Furth (2, 3), these ovarian tumors produce estrogen-like 
hormones. The possibility then exists that the mammary carcinomas 
were induced by hormonal stimulation. However, between sterilization 
and formation of ovarian tumors there was a time interval of a number 
of months in which estrogen production was probably low, yet mammary 
carcinomas appeared earlier in the irradiated mice than in mice intensely 
bred beginning at maturity. One can assume, of course, that the granu- 
losa-cell-type tumors produce such large amounts of estrogen (for which 
histologically there is no proof) that the tumors appear in spite of a period 
of low estrogenic activity. On the other hand, it is also possible that other 
unknown factors may play a role in the radiation genesis of the mammary 
carcinoma and adenoacanthomas. It is possible that a combination of 
factors is responsible like the direct effect of the irradiation on the mam- 
mary gland in addition to the effect of the granulosa-cell tumor or un- 
known systemic effects. 

Like the mammary carcinomas, the mammary sarcomas are also asso- 
ciated with granulosa-cell tumors. They were rare in the control C83Hb 
animals and also rarely occur in other strains of mice. The genesis of 
these tumors is obscure. As the earliest sarcomas were observed at the 
age of 13 months, a time at which the granulosa-cell-type tumors are well 
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established, the possibility exists that an unknown steroid produced by 
the ovarian tumor may elicit the sarcoma. 

Some preliminary experiments are under way to attempt to elucidate 
the role of granulosa-cell tumors of the ovaries in the induction of mam- 
mary tumors. Granulosa-cell tumors arising in irradiated C3Hb mice 
have been carried as transplants in nonirradiated C3Hb normal and cas- 
trated male and female mice. No sarcomas at sites of the mammary 
glands have so far appeared.2 The rapidity of growth and the super- 
ficial ulceration of the subcutaneously growing granulosa-cell tumor, how- 
ever, result in early death of such mice (6 to 10 months after transplanta- 
tion), which might mask our observation of the significance of this factor 
even though existent. The induction of the mammary sarcomas may also 
be a combined effect of an unknown steroid and a direct effect of the radia- 
tion on the mammary gland. It seems, however, unlikely that a direct 
effect of the irradiation on the mammary gland alone would be responsible 
in the induction of the mammary tumors. Newborn C3Hb mice * exposed 
to an acute dose of roentgen radiation of 400 r developed but one mammary 
carcinosarcoma, although some have survived 21 months and a high per- 
centage of ovarian tumors of the granulosa-cell type were observed. It 
can be argued that the exposure at birth destroyed the very small amount 
of mammary tissue present at birth. However, newborn C3H mice carry- 
ing the milk agent exposed to the same dose did develop mammary car- 
cinomas. Therefore, irradiation at birth does not seem to destroy the 
mammary gland. Moreover, LAF, mice exposed during their entire life 
span to 0.11 r daily (8 hours) did also develop mammary sarcomas 
(table 1). The total accumulated dose at the time the tumors were ob- 
served was 80 rto150r. It seems improbable that a chronic daily dose 
of 0.11 r could have a direct effect on the mammary gland. 

A few tests for the presence of the milk agent were also made, using 
the procedure outlined previously. They failed to show the presence of 
the agent. Therefore, irradiation does not seem to activate a weak agent 
or destroy an inhibitor. Additional experiments are under way that may 
clarify the genesis of these tumors. 


SUMMARY AND CONCLUSIONS 


Experiments were performed in which virgin C3Hb mice were chron- 
ically irradiated over the total body with 8.8 r daily (8 hours), beginning 
at 1 month of age and continuing throughout their entire life span. 

Mean survival time of the irradiated animals was shortened by 36 per- 
cent in comparison to nonirradiated controls. 

The injurious action of the irradiation was evidenced by a considerable 
reduction in weight after 1 year of age. 


2 Eschenbrenner: Unpublished data. 
* Unpublished data. 
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The effect of the chronic irradiation on the picture of the circulating 
blood was surprisingly small, although the mean accumulated dose was 
3,510 r and the highest accumulated dose was 5,540 r; only the lymphocytes 
show a pronounced drop in numbers for the greater part of the duration 
of the experiment. 

Carcinogenesis was the predominant picture of radiation injury. 
Forty-seven percent of the animals developed tumors (carcinomas and 
sarcomas) of the mammary gland; ovarian tumors were present in 88 per- 
cent of the animals, and lymphoid tumors were observed in 36 percent. 
Pulmonary tumor and hepatoma incidences were likewise increased in 
the experimental animals in comparison to nonirradiated controls. 

The following conclusions can be drawn: 

1) Chronic irradiation acts similarly to hormonal stimulation in that 
it increases the incidence of mammary tumors in agent-free mice. 

2) Although the irradiated animals were virgins and became sterile, 
hormonal stimulation cannot be excluded as a causative factor in the 
genesis of the mammary tumor because all mammary tumors were asso- 
ciated with a granulosa-cell tumor of the ovary. 

3) The activation of a weak milk agent or destruction of an inhibitor 
by the irradiation seems unlikely, as tests failed to show the presence of 
an agent in the mammary tumor. 

4) A direct effect of the chronic irradiation on the mammary gland 
alone seems also unlikely because chronic exposure of LAF, females to 
0.11 r daily (8 hours) will elicit mammary sarcomas, although total 
accumulated doses did not amount to more than 80 to 150 r. 

5) The mammary-tumor-inducing action of chronic whole-body 
irradiation may be caused by a combination of effects such as hormonal 
stimulation and direct effects upon the mammary gland or by other un- 
known effects of systemic origin. 
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PLATE 100 


FicurE 1.—Mammary adenocarcinoma. 


Hematoxylin and eosin stain. x 200 


Figure 2.—Adenoacanthoma. Hematoxylin and eosin stain. Xx 250 


Ficure 3.—Mammary carcinosarcoma. 
Ficure 4.—Mammary carcinosarcoma. 
toxylin. xX 250 


Hematoxylin and eosin stain. x 150 
Wilder reticulum counterstained with hema- 





7%) 


wT 


ES. 


pe 


PR 


= ae 
>» 


i — i, So 


Var} 
4 


ee ee 


JOURNAL OF THE NATIONAL CANCER INSTITUTE, VOL. 11 PLATE 100 


Lorenz et al. 


934617—51 








964 JOURNAL OF THE NATIONAL CANCER INSTITUTE 


PLATE 101 


Fictre 5.—Mammary sarcoma incorporating ducts of mammary gland. Hematoxylin 
and eosin stain. xX 250 

FicgtUre 6.—Mammary sarcoma incorporating ducts of mammary gland and associated 
adipose tissue. Hematoxylin and eosin stain. Xx 250 
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IRRADIATION OF THE NORMAL HUMAN 
HYPOPHYSIS IN MALIGNANCY: REPORT 
OF THREE CASES RECEIVING 8,100-10,000 r 
TISSUE DOSE TO THE PITUITARY 
GLAND *? 


Kerra H. Ketry,’ Eccert T. FELDSTED,‘ REYNOLD F.. Brown, 
Pav Orteca,’ Howarp R. BIERMAN, BERTRAM V. A. Low- 
BEER, and MIcHAEL B. SHIMKIN, Laboratory of Experi- 
mental Oncology, National Institutes of Health, U. S. 
Public Health Service, and the Divisions of Medicine, 
Radiology, and Pathology, University of California School 
of Medicine, San Francisco, Calif. 


Certain malignant neoplasms of man, particularly carcinoma of the 
prostate and of the mammary gland, are under some degree of control by 
the endocrine secretions of the host. Partial regression of such neoplasms 
is achieved by changing the hormonal status of the host, such as by castra- 
tion or by administration of steroid hormones (1,2). The possible role of 
endocrine influences in malignant melanoma is also suggested by the in- 
triguing observations that melanomas in man are rarely malignant before 
puberty (3) and are not observed in castrated individuals (4). 

The mode of action of castration or steroid hormones in inhibiting the 
growth of mammary and prostatic carcinoma has been a topic for con- 
siderable speculation. One of these speculations is that the action is 
exerted through alterations in pituitary function (2). This hypothesis 
has not been studied directly in man, and the lack of proper experimental 
animals and tumors in which similar effects can be reproduced has pre- 
vented definitive laboratory investigations. It was therefore decided to 
attempt reduction of pituitary function in patients by means of irradiation 
of the pituitary gland. ; 

Lawrence, Nelson, and Wilson (5) have summarized the work on 
pituitary irradiation in animals; they quote 15 articles, starting with the 
investigations of Strauss and of Brunner in 1920. Direct comparison of 
the results is not possible because of variance in dosage of irradiation, 
species and age of the animals. In general, however, it may be concluded 
that the pituitary gland is relatively radioresistant. Loss of weight, de- 

1 Received for publication December 27, 1950. 

2 Supported in part by Research Grant C-396 from the Division of Research Grants and 
Fellowships of the National Cancer Institute, Public Health Service, and Institutional Grant 43 
from the American Cancer Society, Inc. 

* Damon Runyon Fellow. 


* Fellow, Canadian Government Educational Program. 
5 Fellow, American Cancer Society. 
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crease in the size of the ovaries, testes and other endocrine organs, and 
histologic evidence of degenerative changes in the pituitary gland are 
reported only in young or immature animals, whether they be rats, rabbits, 
cats, or dogs. In contrast, adult animals have shown little or no dis- 
cernible effects following irradiation of the pituitary gland. Podljaschuck 
(6), for example, reported that doses equivalent to approximately 500 r 
pituitary-tissue dose produced no changes in adult dogs, whereas doses 
above the equivalent of 700 r in puppies were followed by marked his- 
tologic changes in the pituitary gland, atrophic changes in the ovaries, 
and retardation of growth and weight gain. Lacassagne (7) irradiated 
mature rabbits, delivering approximately 5,000 r pituitary-tissue dose by 
single exposures through 2 relatively large fields. There were loss of 
weight and decrease in the size of the testes and ovaries, but the pituitary 
glands showed no gross or microscopic changes. Fractional doses of as 
much as 8,000 r pituitary-tissue dose had no effect, and 3 to 5 months later 
the examination of the pituitary gland revealed no abnormalities. Direct 
implantation of radon seeds into the pituitary fossa destroyed the pituitary 
gland, but if one-third of the anterior lobe remained intact, genital function 
was not impaired. 

Radiation therapy to the pituitary gland has had wide clinical use in 
patients with pituitary tumors. Doses up to 4,500 r to the tumor have 
been advocated. Pituitary irradiation has also been employed in essential 
hypertension, amenorrhea, and certain other gynecologic disorders, 
diabetes mellitus, and thyrotoxicosis. The results in these conditions are 
difficult to interpret, and almost all favorable reports suffer from either 
lack of objective criteria of improvement or adequate control groups of 
patients. This topic is ably summarized by Menville (8). Best et al. (9) 
irradiated the pituitary gland in 25 patients with hypertensive vascular 
disease, delivering a tissue dose of 1,100 r in 10 days. No effects were 
observed, and examination of 1 pituitary 11 months after treatment showed 
no deviation from normal. For the purpose of this investigation, it is 
sufficient to note that the doses of radiation used clinically do not exceed 
2,000 r pituitary-tissue dose, and that no untoward effects are noted with 
such procedures. 

On the basis of the above information, doses considerably higher than 
applied previously in the therapy of intracranial lesions were considered 
necessary in order to achieve reduction or interruption of pituitary 
function. This required the development of a method of delivering a very 
high radiation dose to the pituitary gland with minimal irradiation of the 
surrounding structures. 


EXPERIMENTAL PROCEDURE 


An apparatus (fig. 1) was constructed permitting irradiation of the pitu- 
itary gland through multiple small fields of entrance. The patient’s head 
was fitted into a plaster-cast skull cap surmounted by a plate into which a 
bolt was incorporated. The bolt was adjusted to be in the axis of the 
pituitary fossa, and attached to a frame projecting from a standard X-ray 
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machine base plate. The X-ray beam was adjusted to be perpendicular to 
the axis of the bolt, and passed through the pituitary fossa at any position 
of the head rotating around the bolt axis. The beam size was defined by 
two lead diaphragms attached to the projecting arms, one at the base plate 
of the X-ray tube and one close to the patient’s head.® 

The patient was seated upright in a rigid but comfortable position. 
Repeated radiographic examinations showed that the position of the beam 
relative to the sella turcica did not vary more than one millimeter for any 
field of entrance after the initial adjustments were made. 

Figure 2 shows the convergence of the beam on a film placed in the axis 
of the X-ray beam in a head-shaped paraffin phantom at the level of the 
pituitary fossa. The 10 surrounding views are spot films made on the 
therapy machine and correspond to the radiation fields employed in Case 1. 

The physical factors of irradiation were: 200 KV; 1.2 mm. Cu HVL; 
2.5-cm. diameter field size; tube target-pituitary distance varied from 63 
to 70 cm.; defined field size at the pituitary 2.7 cm. in diameter. Daily 
doses of 400 r measured in air were given to one, two or three fields ; usually 
two fields were used. The dose calculation on the skin portals refers to 
total skin dose including the exit dose from opposing fields. 

The surface, depth, and exit doses were determined for each portal, 
using a pressed-wood phantom and a 25 r Victoreen ionization chamber. 
A human skull filled with rice and the orbits and paranasal cavities with 
wet cotton also was used asa phantom. A 25r Victoreen ionization cham- 
ber was placed in the pituitary fossa. The calculated tissue dose and the 
experimentally determined tissue dose were in good agreement, being 
within 10 percei.t for the nasion field and not more than 3 percent for all 
other fields. 

Three patients with far-advanced neoplastic disease were selected for 
the investigation. All 3 patients had complete clinical studies performed 
before, during, and after the completion of irradiation to the pituitary 
gland. These included determinations of the visual fields and audio- 
graphs. Special studies designed to reveal evidence of physiologic ef- 
fects included determinations of the basal metabolic rate on the Sanborn 
respirometer, serum iodine by the method of Sandell and Kolthoff, blood 
levels of albumin and globulin, sodium and potassium by flame photom- 
etry, chloride by the method of Schales and Schales, calcium by the method 
of Kramer and Tisdall, phosphorus by the method of Hawk and Summer- 
son, alkaline phosphatase by Bodansky’s technique, and free and total cho- 
lesterol by the method of Schoenheimer and Sperry. Blood bilirubin and 
nonprotein nitrogen levels were also determined. Glucose tolerance was 
studied following the intravenous administration of 25 grams of glucose. 
Twenty-four-hour excretion of 17-ketosteroids in the urine, and 24-hour 
excretion of pituitary gonadotropins by a modified Scott’s bioassay tech- 
nique were also measured, the results of the latter being considered normal 
if positive at a dilution of 1 to 5 and negative at 1 to 80. 


* Detailed report of the physical principles involved in this type of directed beam therapy 
will appear elsewhere (Low-Beer, B. V. A., Feldsted, E. T., and Brown, R. F., in preparation). 
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Case 1 (M. E. K.—LEO 83) 


This 60-year-old white woman had disseminated adenocarcinoma of the right breast. 
At the age of 55 she had noted a painless nodule in the right breast. Radical mas- 
tectomy was performed 2 months later, and she remained clinically free of disease 
until 2 months before admission. Recurrence was first noted in the right supraclavic- 
ular region, followed by the appearance of hard, nontender subcutaneous nodules along 
and near the surgical scar. 

The patient had had 10 spontaneous abortions without known cause, and 2 normal 
deliveries. She underwent the menopause at the age of 48. 

Physical examination showed a well developed, somewhat obese, white woman, 
The right breast was absent, and there were over a dozen hard subcutaneous nodules 
along the operational scar as well as the anterior chest wall. The supraclavicular 
space was filled with a hard, fixed mass measuring approximately 6 cm. in diameter. 
Roentgen examination failed to reveal osseous or pulmonary metastases. Biopsy of 
one of the subcutaneous nodules revealed metastatic adenocarcinoma compatible with 
the histologic appearance of the primary carcinoma of the breast. 

Irradiation directed to the pituitary fossa was started on April 22, 1949. The 
patient was treated through 10 fields, centering and crossing at the pituitary fossa. 
She received 47 treatments in 62 days. The skin dose to each field varied from 3,000 r 
to 3,800 r, due to the change in TSD resulting from the oval shape of the skull. The 
total dose calculated at the pituitary was 8,150 r. 

The patient tolerated the procedure without complications. Epilation and tanning 
of the skin developed over the radiation portals. Her clinical status was determined 
before and at three periods during therapy, as well as 2 months after its completion. 
All special clinical and laboratory determinations remained within normal limits, and 
no evidence was elicited that pituitary irradiation produced hypopituitarism or other 
effects. 

Measurements and clinical observations of the metastatic lesions did not reveal 
any effects on the tumor. She moved to St. Louis, and her progress has been followed 
by Dr. Edward H. Reinhard. In October 1949, 4 months after pituitary irradiation, 
the lesions had increased in size, and she was given local roentgen treatments to the 
individual nodules, with regressions. In May 1950, she developed severe pain in the 
right lower chest. No metastases were demonstrated roentgenologically but marked 
improvement followed treatment with testosterone propionate. A year following 
completion of pituitary irradiation the patient feels well and has continued to work. 


Case 2 (G. M. H-LEO 114) 


This 38-year-old white woman had disseminated melanoma arising from a plantar 
pigmented mole. She had had a pigmented mole on the plantar surface of the fourth 
left toe “since birth.” Six years ago, 4 months after the onset of her second preg- 
nancy, there was a change in the appearance of the lesion, and the obstetrician 
amputated the toe. The diagnosis on microscopic examination was malignant mela- 
noma. Three weeks following amputation of the toe, a lymph-node dissection was 
made of the left inguinal region, but no metastases were demonstrated. Three months 
later a black nodule appeared on the inner surface of the left thigh; biopsy showed 
this to be a melanoma. She was allowed to continue pregnancy, and a normal child 
was delivered at term. 

New melanotic nodules appeared on the left thigh and lower left leg, and edema 
of the left extremity became progressively more marked. 

Physical examination on admission revealed a well nourished, well developed 
woman. The left leg was swollen with edema, and there were numerous melanotic 
nodules, some measuring up to 2 cm. in diameter, over the whole extremity. The left 
inguinal region was filled with firm, nontender masses extending above the inguinal 
ligament. 








PITUITARY IRRADIATION IN MALIGNANCY 971 


Irradiation directed to the pituitary fossa was started on September 17, 1949. The 
patient was treated through 10 fields, centering and crossing at the pituitary fossa. 
She received 50 treatments in 63 days. The skin dose to each field varied from 
3,300 r to 4,100 r, due to the change in TSD resulting from the oval shape of the skull. 
The total dose calculated at the pituitary was 8,516 r. 

Clinical and laboratory studies, as in Case 1, were performed on the patient before, 
during, and after irradiation. There was slight nausea during treatment, and the 
only effects observed in the laboratory determinations were a slight elevation of free 
and total cholesterols and a slight increase in the urinary output of 17-ketosteroids. 
All determinations, however, were well within normal limits. 

The melanotie lesions on the left leg increased steadily in size, and many became 
ulcerated. There were progressive weakness and loss of weight. Ascites appeared 
approximately 2 months following the completion of irradiation, and melanin began 
to appear in the urine. The patient died exactly 3 months following completion 
of irradiation to the pituitary gland. Terminally there were sharp rises in blood 
uric acid and nonprotein nitrogen. 

Autopsy, 815 hours after death, showed massive involvement of the left extremity 
with melanoma, which was predominantly amelanotic on microscopic examination. 
There were distant metastases to skin, peritoneal and pleural surfaces, lungs, liver, 
spleen, gastrointestinal tract, lymph nodes, internal genitalia, and breast. The 
pituitary gland measured 115 by 1 by 14 em. and weighed 1.1 grams. The dura over 
the gland was thin, and it had a normal gross appearance. Examinations of all the 
structures at the base of the brain, including the bone itself, failed to reveal any 
abnormalities. The right adrenal gland weighed 11 grams, the left, 14 grams, and 
both were of normal size and shape. The thyroid gland weighed 14 grams and showed 
only pallor. Examination of the internal genitalia was obscured by tumor growth 
replacing both ovaries; however, the uterus was within normal limits. 

Microscopic examination of the pituitary gland showed a delicate, well formed 
anterior and posterior lobe without cellular or vascular abnormalities. The ratio 
of cells within the anterior lobe appeared to be within normal limits. Examination 
of all the endocrine glands showed no abnormalities except where tumor was invading. 
Both ovaries were replaced by tumor. The endometrium of the uterus was scanty 
and showed a few small glands. Examination of the base of the brain, internal 
carotids, pineal body, cranial nerve ganglia, optic chiasm, and floor of the third ven- 
tricle was negative. The tumor appeared to be well preserved, and there was no 
fibrosis or shrinkage of tumor cells. 


Case 3 (J. C-—LEO 124) 


This 59-year-old white woman had disseminated bilateral adenocarcinoma of the 
breast. Four years previously she noted a painiess lump in her left breast. A 
radical mastectomy was performed. Approximately 18 months later small, hard, 
subcutaneous nodules appeared near the incision line, and a separate hard mass 
was found in the right breast. Roentgen therapy was administered over the anterior 
chest and right breast, with some regression of the size and number of the subcutane- 
ous nodules. Her weight remained stationary at about 140 pounds until 6 months 
before entry, since which time she lost approximately 10 pounds in weight. 

For about 20 years she had had high blood pressure, and for the past year had 
irregularly taken digitalis. She had two pregnancies, one terminating in a spon- 
taneous abortion, and had passed the menopause at the age of 50. 

Physical examination showed a well developed, well nourished woman, with a 
hoarse voice and some dyspnea on recumbent position. The right breast was stony 
hard, not tender, and the mass was fixed to the ribs. The left breast had been 
amputated, and along the surgical scar and surrounding subcutaneous tissue were 
approximately 10 hard, flat nodules, each measuring 3 to 6 cm. in diameter. The 
right axillary lymph nodes were enlarged, but soft; no lymph nodes were felt in the 
left axilla. Laryngoscopic examination showed the left vocal cord to be paralyzed. 
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The heart was of normal size, and regular in rate and rhythm. The blood pressure 
was 180/110. The lungs were clear. There was slight pretibial edema bilaterally, 
but the patient had varicosities of both lower extremities. 

Biopsy of a subcutaneous nodule revealed anaplastic adenocarcinoma. Roentgen 
films of the chest showed increased bronchovascular markings and an elevated 
diaphragm on the right side. Electrocardiograms were within normal limits. The 
basal metabolic rate was +24. 

Irradiation directed to the pituitary fossa was started on November 17, 1949. The 
patient was treated through 10 fields, centering and crossing at the pituitary fossa. 
She received 47 treatments in 62 days. The skin dose to each field varied from 
4,200 r to 4,800 r, due to the change in TSD resulting from the oval shape of the 
skull. The total dose calculated at the pituitary gland was 10,049 r. 

She was readmitted for study 1 month following the completion of radiation ther- 
apy. Her weight had declined by about 20 pounds, but otherwise she felt as well as 
before therapy. There had been no alteration in the size or extent of the neoplasm, 
and all laboratory and clinical findings indicated no significant changes. The basal 
metabolic rate was +17. The blood pressure was 130/90. 

Three months following pitutary irradiation the patient developed clinical evidence 
of cardiac decompensation and was placed on digitoxin, a low-salt diet, and other 
supportive measures. The metastatic nodules had progressed in size, and the left 
arm became swollen with edema. She was started on methyl testosterone, 60 mg. 
per day for 28 days, with definite reduction in size of the metastatic nodules. How- 
ever, she developed marked generalized edema, and the blood sodium fell to 120 milli- 
equivalents per liter. These effects were promptly restored to normal by intravenous 
therapy with electrolytes. 

The patient died 444 months following the irradiation of the pituitary gland, with 
progressive weakness, cachexia, and cardiac decompensation. Terminally the blood 
proteins dropped to 4 gm. per 100 cc., and the red-blood-cell count to 2,000,000 per cubic 
millimeter. 

Autopsy, 3 hours after death, showed extensive involvement of lymph nodes, 
mediastinum, and lungs by carcinoma. The right breast was also infiltrated with 
carcinoma, as Well as the skin of the old left mastectomy scar. Both innominate 
veins were stenosed, with striking edema of the upper extremities. The pituitary 
gland was symmetrical and of normal size, weighing 0.8 gram and measuring 1.3 by 
1 by 0.9 em. Examination of the base of the brain, basal blood vessels, dura, and 
bone revealed no abnormalities. The right adrenal gland weighed 10 grams, the 
left 12 grams; both cortices were thick, with considerable lipoid. The thyroid gland 
was somewhat diminished in size, weighing 10 grams. The uterus, tubes, and ovaries 
showed involutionary changes, and two small myomas were noted in the uterine 
fundus. 

Microscopic examination showed the anterior lobe of the pituitary gland to be 
cellular and to have a normal ratio of cells. A slight degree of interstitial fibrosis 
was noted. Staining with azure-eosin, Mallory’s aniline-blue collagen stain and 
Ludlow’s silver-carbonate stain failed to reveal any unusual abnormalities not com- 
patible with the patient’s age. The cerebral blood vessels showed arteriosclerosis 
with an old vascular lesion involving the right putamen. Scattered necrotic foci 
were noted in the thalamus and pons in which the tissue was spongy with little glial 
or vascular reaction. There was a diffuse proliferation of microglia, and macroglia, 
particularly in the form of the Alzheimer glial type. Histologically the adrenal, 
thyroid, and parathyroid glands were entirely negative. The breast, ovaries, tubes, 
and uterus showed only involutionary changes quite consistent with the patient’s age. 
The endometrium was scanty, congested, and contained occasional cysts. The uterine 
myomas were well differentiated and had a uniform appearance. The metastatic 
tumor was a well preserved adenocarcinoma. 
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DISCUSSION 


Three adult women with advanced neoplastic disease received X-ray 
irradiation to the pituitary gland for 2 months, for total tissue doses to 
the pituitary of 8,100 to 10,000 r. All three patients withstood the pro- 
cedure without untoward reactions. 

Clinically, no evidence was elicited that pituitary function was reduced 
by the irradiation. Table 1 presents the major determinations on the 
blood and urine of the patients before irradiation, at the completion of 
irradiation, and 2 months after the completion of irradiation. Consider- 
ing that the three patients had progressive neoplastic disease, and that the 
third patient also had severe cardiac damage which eventuated in decom- 
pensation, remarkably little variation was observed in these values. 
There was, perhaps, slight elevation in the free and total cholesterol levels 
of the blood, the urinary pituitary gonadotropin output appeared to 
decrease in two of the three patients, and the basal metabolic rate was 
increased from +6 to +12 in two patients but decreased from +24 to 
+17 in the third at the completion of pituitary irradiation. The urinary 
excretion of 17-ketosteroids, however, was increased slightly, and no 
alteration was detected in the serum iodine. The glucose-tolerance curve 
following intravenous administration of 25 grams of glucose remained 
normal in all three patients. The reduction in the blood pressure in 
Case 3 is attributable to the onset of cardiac decompensation rather than 
to any effect of pituitary irradiation. No definite significance can be 
attached to any of these observations, other than that no clear evidence 
of altered metabolism or other effects was demonstrated. Both patients 
with mammary carcinoma responded clinically to treatment with andro- 
gens following the completion of pituitary irradiation. 

Necropsy examination of 2 patients revealed no morphologic abnor- 
malities in the pituitary gland or other endocrine organs, or changes in the 
neoplasm. Figures 3-5 and 6-8 present the histologic appearance of the 
pituitary gland in Cases 2 and 3, respectively. It is to be noted that in 
Case 3 there is some focal fibrosis suggestive of a vascular origin. The 
remaining portions of the stroma and the glandular elements were deli- 
cate and well preserved. In order to interpret the interstitial fibrosis in 
this pituitary, pituitary glands from the last 10 consecutive necropsies on 
patients over 60 years of age were examined for comparison. In 3, the 
degree of focal fibrosis and cellular changes exceeded that seen in the 
patient who received irradiation to the pituitary. Special stains for 
relative numbers of eosinophilic, basophilic, and chromophobie cells in 
the 2 irradiated pituitary glands showed no abnormalities. 

It is evident from this investigation that the normal pituitary gland in 
adult human beings is resistant to high doses of X-ray irradiation. Fur- 
ther studies on the effect of inhibition of pituitary function in neoplastic 
(lisease appear to be dependent upon the development of surgical tech- 
niques for the removal of the pituitary gland. The negative effects with 
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TABLE 1.—Clinical laboratory determinations in three patients receiving 8,100 to 10,000 r 
tissue dose of irradiation to the pituitary gland 





9 $ 
Before Atendof | “ month 











Determination Case No. therapy therapy sees 
1 5. 0 9.0 10 
Urinary 17-ketosteroids (mg./24 hours) - 2 7. § 9. 5 2. 1 
3 6. 2 15. 4 8. 1 
1 +5 +5 +5 
+80 — 80 — 80 
Urinary pituitary gonadotropins (mouse 2 +5 +5 +5 
units/24 hours). — 80 — 80 —80 
3 +5 +5 —5 
— 80 — 80 + 
| 1 79. 8 73. 5 89. 6 
Blood glucose, fasting (mg./100 cc.) _- 2 65. 0 69. 2 66. 8 
| 3| 825] 65.2 63. 8 
| 1 96. 6 68. 3 96. 6 
Glucose tolerance 120 min. after 25 gm. i. v. 2 98. 0 90. 0 81.6 
| 3| 808] 70.2 i 
76 9 9 
Cholesterol total (mg./100 ec.) _- { ; = 9 — 3 = 3 
Cholesterol free (mg./100 ce.) - -_----- { - 5 4 4 4 5 
| 1 +6 +12 Saleh men aere 
Basal metabolic rate _ - - -- temact 2 +6 | +12 | —S 
| 3/424 | +17 |-- 
1 6. 6 6. 7 | 6. 9 
Serum Iodine (micrograms/100 ce.) _--_- “05 2 6.5 Ce i... 
| 3 6.3 6. 9 | 6.2 
| 1 |155/85 |130/70 | 130/80 
Blood pressure (mm. Hg.) - - earerneers eet 2 | 110/65 | 100/60 105/60 
| 3 | 180/110 | 130/90 | 130/90 
| - 7.9 | 7. 4 | 8. 3 
Total protein (gm./100 cc.)_-_------ — 2 6. 0 5. 8 | 5. 9 
| 3 65| 65) 6.3 
1 | 3.8 1.9 | 3. 8 
Albumin (gm./100 cc.)_...------------------ 2 3.3 | 2.9 3.5 
| 3 3.7 3.7 3.2 
| 1 4.1 5. 4 4.5 
Globulin (gm./100 cc.)_........---.---.------ 2 2. 7 2.9 2.4 
| 3 2. 8 2.8 3.2 
| ( 1 110 113 109 
NE I ss oc ws nwniotwaiakens 3 106 106 97 
It 3| 109 106 94 
| 1 138 139 131 
Sodium (meq./L)-------------- Sac daselniebe 2| 134 122 12 
f 3| 135 131 130 
{ 1 4.3 4.8 4.5 
Potassium (meq./L)------------- aaa ieee aswell 2 4.7 4.7 5. 0 
| 3 5. 4 4.4 4.9 
| 1 9. 6 (ee 
Cees Ge FINE OR)... cis cnceencncucxe ) : | 8.8 9. 1 
t 3 sie ah a eee 
if 1 3.4 3. 6 3.5 
Phosphorus (mg./100 cc.) .--.--------------- 1; 2 3. 4 3. 6 3. 9 
| 3 3.5 3.7 3.5 
if 1 2.0 22 1.4 
Alkaline phosphatase (Bodansky units) ----_-- | 2 1. 4 1.8 2% 
ee | mee | 45 5.9 
1} 36 | 29 45 
ie as ee PE Ricci cenckesnneevawcate 2 in ae 19 
3]; 26 | 21 18 
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X-ray irradiation in doses of 8,100 to 10,000 r tissue dose to the pituitary 
gland also have definite and obvious implications in the evaluation of 
results reported in amenorrhea, hypertension, and thyrotoxicosis, in which 
it is claimed that doses of under 2,000 r, and often as low as 50 r, bene- 
ficially affect such clinical conditions. 


SUMMARY 


Two 60-year-old women with disseminated mammary adenocarcinoma 
and one 38-year-old woman with disseminated melanoma were given 8,100 
to 10,000 r tissue dose to the pituitary gland by means of a multiple-port 
coronal appliance. One patient is living 1 year later, and the others died 
3 and 4.5 months after completion of the irradiation. No clinical or 
laboratory evidences of hypopituitary function were noted. The growth 
of the neoplasms was not affected. Both women with mammary carcinoma 
responded to androgens following completion of pituitary irradiation. 
Gross and microscopic examination of the pituitary gland and other 
endocrine organs showed no definite abnormalities in the two cases com- 
ing to autopsy. 

It is concluded that the normal adult human pituitary gland is resistant 
to X-ray irradiation in doses up to 10,000 r. 
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PLATE 102 


Figure 1.—An apparatus for the controlled irradiation of the pituitary gland through 
multiple small fields of entrance. See text. 
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PLATE 108 


Ficure 2.—Convergence of the beam on a film placed in the axis of the X-ray beam in 
a paraffin phantom at the level of the pituitary fossa. Surrounding views are spot 
films made through similar fields in Case 1. 
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PLATE 104 


Figure 3.—Pituitary gland in Case 2,3 months following delivery of 8.516 r tissue dose. 
No gross or microscopic abnormalities were observed. Hematoxylin and eosin 
stain. xX 10. 

Figure 4+—Higher magnification of the pituitary gland, demonstrating the delicate 
blood vessels and lack of abnormalities. Hematoxylin and eosin stain. x 43. 

Ficure 5.—Cellular detail of the adenohypophysis, showing normal individual cells. 
Hematoxylin and eosin stain. xX 100. 
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PLATE 105 


Fictre 6.—Pituitary gland in Case 3, 445 months following delivery of 10,049 r tissue 

dose. land shows vascular scarring. Only a small 
segment of the posterior lobe is visible at this level. Hematoxylin and eosin stain. 
x 10. 


The right lateral portion of the 


Figure 7.—Higher magnification, demonstrating the fibrosed area in greater detail. 
The foeal distribution is evident. Hematoxylin and eosin stain. X 43. 
FIGURE 8.—Cellular detail of the adenohypophysis near the fibrosed area. The indi- 

vidual cells are normal, With abundant granules and delicate stroma. Hematoxylin 
and eosin stain. x 100. 
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PRODUCTION OF TUMORS BY METHYL- 
CHOLANTHRENE AND FETAL SKIN TRANS- 
PLANTED TO DIFFERENT SITES IN MICE *? 


MICHAEL KLEIN, Research Fellow, National Cancer Institute, 
National Institutes of Health, U. 8S. Public Health Service, 
Bethesda, Md. 


The observations of various investigators in the field of tumorigenesis 
show that the tissues of animals are not equally responsive to the action 
of such potent hydrocarbon carcinogens as 3,4-benzpyrene, 1,2,5,6-dibenz- 
anthracene, or 20-methylcholanthrene (7). It is generally agreed that 
the skin, lungs, and subcutaneous tissues of mice are susceptible, whereas 
the testis, spleen, and liver are relatively refractory to the induction of 
tumors by the above carcinogens. Rous and Smith (2, 3) observed that 
intramuscular transplantation of fetal skin together with methylcholan- 
threne in the mouse gave rise to neoplasms of the implanted tissue. Greene 
(4) published a note on his experiments in which mouse and guinea pig 
embryonic tissues impregnated with methylcholanthrene were trans- 
planted homologously to different sites. Both carcinomas and sarcomas 
were induced with best results following subcutaneous implantations. 
Would neoplasms develop if transplants of mouse fetal skin were intro- 
duced into resistant sites such as the liver, spleen, or testis? Experiments 
reported in this paper show that they do. 


MATERIALS AND METHODS 


Strain C male mice (designated B alb C)* 2 to 4 months of age were 
employed as hosts. They were maintained in plastic cages, measuring 27.5 
by 17.5 by 12.5 cm., generally 8 to a cage, and were fed pellets of Purina 
laboratory chow. In addition, they had access to tap water at all times. 

All mice were implanted with fragments of fetal epidermis prepared as 
follows: Pregnant strain C females were killed by cervical dislocation 
18 days following the discovery of a vaginal plug. Fetuses were removed 
aseptically, rinsed in several changes of sterile physiological salt solution, 
and placed in sterile petri dishes. A moist atmosphere was maintained 
by the introduction of about 2 cc. of saline at one side of each dish. Fetal 
skins were removed and placed together in another moist chamber. The 


1 Received for publication December 27, 1950. 


2The co-operation and technical assistance of Mr. Frank M. McCathran is gratefully 
acknowledged. 


Law, L. W., J. Hered., 39 : 300-308, 1948. 
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tissues were minced with fine scissors until resultant fragments approxi- 
mated 1 mm. in diameter. 

20-methylcholanthrene* was used either as crystals or as a 1-percent 
solution in olive oil, U. S. P. grade. In the former instance an attempt 
was made to enclose a few crystals within 0.04 to 0.05 cc. of minced skin 
which was then implanted with a 15 or a 12 gauge short-beveled trocar. 
Where the methylcholanthrene was introduced in an oily solution the 
procedure was adapted from one previously employed by Rous and Smith 
(2). Each mouse was injected once with 0.03 cc. of the olive-oil solution, 
0.08 ec. of Locke’s solution, and 0.04 to 0.05 ce. of minced skin. The above 
materials in the order named were drawn into and layered in a 14-ce. 
tuberculin syringe. To facilitate the passage of materials, the tip of the 
syringe was bored out to a diameter of 1.5 mm. Upon injection, it was 
expected that each oil droplet would rise through the Locke’s solution and 
toward the tissue. Often, however, part of the oil adhered to the plunger 
or to the barrel. This difficulty could be eliminated by the introduction 
of an air bubble behind the Locke’s solution. With the syringe in an 
upright position, the air rose and separated the oil from the plunger. 
When the syringe was inverted, the bubble moved toward the tip, drawing 
the oil with it. 

Materials were implanted by the usual methods in the subcutaneous 
tissues of the ear, axillary, and inguinal regions, and in the muscles of a 
hind limb. Transplantations to the liver, testis, and spleen were per- 
formed after the corresponding organs were exposed. Controls were 
injected similarly but without the carcinogen. 

Mice in poor physical condition or those bearing subcutaneous or intra- 
muscular tumors approximately 2 cm. in diameter were sacrificed. In 
the liver and spleen series, the majority of tumors were found at the time 
of autopsy. Tissues were fixed in Tellyesniczky’s fluid, dehydrated, em- 
bedded in paraffin, sectioned at 6 to 8 micra, and stained with hematoxylin 
and eosin. Tumor diagnoses were based upon histologic examination of 
one slide for each tumor.’ Semiserial sections were not prepared. 


EXPERIMENTAL PROCEDURES AND RESULTS 


The injected mice were divided into six series according to the site of 
implantation of the fetal epidermis. The results are summarized in 
table 1. 

In Series A, transplants containing crystals of methylcholanthrene were 
implanted subcutaneously in the ear. Control animals received similar 
implants but without carcinogen. Two fibrosarcomas arose in the methy]- 
cholanthrene-treated mice. In two other instances, implant epithelium 
showed much hyperplasia with extensive downgrowth but no invasion or 
infiltration. No hyperplastic areas or tumors occurred in the controls. 

* Obtained from Edcan Laboratories, South Norwalk, Conn., MP 179°—180° C. 


‘The author wishes to thank Dr. Thelma B. Dunn of the Pathology Section of the National 
Cancer Institute for her assistance. 
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In Series B, transplants together with the solution of methylcholan- 
threne were placed in the axillary or inguinal regions. Tumors were in- 
duced in 28 mice and included fibrosarcomas, squamous-cell carcinomas, 
a papilloma (fig. 1), and a mixed tumor that contained elements of fibro- 
sarcoma and squamous-cell carcinoma. No tumors were observed in the 
controls. 

Mice of Series C received intramuscular implants together with the 
solution of methylcholanthrene. Twenty-seven of the mice bore tumors 
that were diagnosed as fibrosarcomas, squamos-cell carcinomas, and 1 
mixedtumor. A lung metastasis was observed in a mouse bearing a squam- 
ous-cell carcinoma (fig.2). None of the controls developed a tumor. 

Implants exposed to crystalline methylcholanthrene were placed in the 
testes of mice of Series D. Six mice developed tumors of which two were 
fibrosarcomas and four were squamous-cell carcinomas (fig. 3). Tumors 
did not develop in the control mice. 

In Series E, the liver parenchyma was utilized as a transplant site and a 
solution of the carcinogen was administered. Eight mice developed 
squamous-cell carcinomas in the liver (fig. 4.) _Noneoplasms were induced 
among the control mice. 

In Series F, implants were placed in the spleen and exposed to either 
crystalline or dissolved methylcholanthrene. Eight tumors were induced 
in mice that had received the crystals and six in those that had received the 
solution. Four of the spleen tumors were diagnosed as fibrosarcomas, 
eight as squamous-cell carcinomas (fig. 5), and two as mixed tumors (fig. 
6). None of the controls developed a tumor. 

In view of the possibility that tumors induced from fetal skin might 
be more transplantable than those induced from adult skin, it was decided 
to test for such a difference. Thirty-five induced fibrosarcomas and 19 
squamous-cell carcinomas were used in these tests. Each tumor was trans- 
planted subcutaneously by trocar into 1 strain C male and 1 strain C3H 
male. Thirty-one of the sarcomas and 13 carcinomas grew in the strain 
C hosts. None grew in the strain C3H recipients. All animals were kept 
under observation for 30 days. 

Histologically, the tumors induced from strain C fetal skin could not 
be distinguished from those obtained with adult skin. 


DISCUSSION 


In these experiments, a total of 149 mice received implants of a mixture 
of fetal epidermis and methylcholanthrene. Forty-five of these mice de- 
veloped fibrosarcomas, 35 squamous-cell carcinomas, 1 papillomas, and 4 
mixed tumors with sarcomatous and carcinomatous elements. Of the 85 
tumors, 28 arose within the spleen, testis, and liver. These neoplasms 
developed despite the resistance of the mouse’s spleen, testis, and liver to 
the carcinogenic action of hydrocarbons and provided an answer to the 
primary purpose of the experiment. The occurrence of tumors in these 3 
sites would suggest that the skin implants were not influenced by those 
factors involved in the resistance of the surrounding host tissues. 
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Fetal skin encysted frequently upon transplantation to the liver and to 
other sites, especially when olive oil was included with the implants. 
Fibrosarcomas and squamous-cell carcinomas were produced in all sites 
implanted with fetal skin and methylcholanthrene except the liver. Here, 
only carcinomas were observed. It is possible, though unlikely, that the 
liver specifically inhibited the development of sarcomas. A greater possi- 
bility may be that, compared with other sites, methylcholanthrene exposed 
to liver tissues is removed or metabolized more rapidly. However, where 
this process was impeded, as by encystment, tumors arose in the tissue 
directly contacting the carcinogen. This could account for the skin 
carcinomas induced in the liver. 

The latent period of tumorigenesis observed subcutaneously and intra- 
muscularly could not be compared with that of the liver and spleen, since 
neoplasms were detected more readily and recorded sooner for the sub- 
cutaneous and intramuscular series. However, a carcinoma was observed 
in the liver of one mouse sacrificed on the 119th day and in the spleen of 
another sacrificed on the 77th day following implantation. 

In the mouse, the liver and spleen appear to be relatively resistant to 
tumor metastasis. However, experiments of De Long and Coman (5) 
have shown that transplanted mouse tumors will grow in these two organs. 
It has been observed further, in these experiments, that primary tumors 
induced from fetal skin after transplantation to the liver and spleen will 
also continue to grow. 

Some of the observed fibrosarcomas may have been derived from the 
action of methylcholanthrene upon host tissues. In these cases, their 
source of origin remained undetermined. On the other hand, there is no 
reason to assume that the induction of squamous-cell carcinomas in the 
liver as well as in other implantation sites was the result of the carcinogen 
acting upon host tissues. 

Of 112 control mice that received implants of fetal skin alone, none 
developed a tumor (table 1). Rous and Smith (2, 3) obtained similar 
results after 140 days. The present experiments extend these observations, 
since similar implants in mice maintained for as long as 390 days did not 
assume malignant properties in the absence of methylcholanthrene. 

Histologically, tumors that originated in the fetal implants were in- 
distinguishable from those derived from the corresponding adult tissue. 
This was not unexpected, for tissue differentiation is well advanced at 
18 to 19 days of pregnancy when fetal skin was excised for implantation 
(2). In addition, these implants continued to differentiate after trans- 
plantation. 

Despite a morphologic similarity between tumors induced with fetal 
as opposed to adult tissues, it was decided to test for differences in trans- 
plantability. It was found that the tumors derived from fetal skin 
implants in these experiments were not able to overcome strain barriers. 
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SUMMARY 


Strain C fetal skin and methylcholanthrene transplanted subcutane- 
ously, intramuscularly, and to the liver, spleen, and testis gave rise to 
neoplasms. These included fibrosarcomas, squamous-cell carcinomas, 
papillomas, and mixed tumors. Both sarcomatous and carcinomatous 
elements were observed in all sites but the liver, where only squamous-cell 
carcinomas were noted. Thus those factors responsible for the native 
resistance of liver, spleen, and testis to the hydrocarbon carcinogens were 
not observed to inhibit the formation of tumors in introduced fetal skin. 

Transplantation of tumors derived from fetal skin in these experiments 
disclosed that the resultant neoplasms, in common with many tumors 
derived from adult tissues, were not able to overcome strain barriers. 
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PLATE 106 
Figure 1.—Papillomas in an epidermal cyst induced in a subcutaneous transplant of 
fetal skin. Hematoxylin and eosin. X 25. 


Ficure 2.—Lung metastasis from a squamous-cell carcinoma induced in an intra- 
muscular transplant of fetal skin. Hematoxylin and eosin. X 125. 
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PLATE 107 


Figure 3.—Squamous-cell carcinoma in the testis following implantation of fetal skin 
and methylcholanthrene. Infiltration of carcinoma cells marked by arrows. Hema- 
toxylin and eosin. X 5. 

FiGureE 4+.—Squamous-cell carcinoma in the liver induced from fetal skin exposed to 
methylcholanthrene. Note bile-duct proliferation with great increase in epidermal 
thickness of duct walls within the tumor. Hematoxylin and eosin. < Sa. 
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PLATE 10S 


Fictre 5.—Squamous-cell carcinoma in the spleen following implantation of fetal skin 
and methylcholanthrene. Hematoxylin and eosin. XX 125. 

Figure 6.—"Mixed tumor” in the spleen following implantation of fetal skin and 
methylcholanthrene. The tumor contains merging elements of both sarcoma and 
squamous-cell carcinoma. Hematoxylin and eosin. xX 300. 
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THE EFFECT OF INJECTIONS OF TUMOR 
FRACTIONS ON LIVER CATALASE AC- 
TIVITY OF MICE*? 


RoBeERT E. GREENFIELD and ALTON MEISTER, National Insti- 
tutes of Health, National Cancer Institute, U. 8. Public 
Health Service, Bethesda, Md. 


It is well established that the liver catalase activity of tumor-bearing 
‘ats and mice is significantly lower than that of normal animals (2-9). 
Although the cause of the lowered liver catalase is as yet unknown, the 
studies of Greenstein and his associates (2-6, 10, 11) on the liver catalase 
activity of tumor-bearing animals have shown that : 

1. The decrease of liver catalase is progressive with the growth of the 
tumor and is most marked in animals bearing rapidly growing tumors. 

2. The effect is reversible, z. ¢., the liver catalase activity returns to 
normal after excision or spontaneous regression of the tumor. The liver 
catalase activity of rats from which a transplanted hepatoma had been 
removed, returned to normal within 24 to 48 hrs. 

3. The fall of catalase activity in the liver is probably associated with a 
decreased catalase concentration. 

4. Of the liver enzymes studied in tumor-bearing rats, only arginase 
showed any decrease in activity. The reduction in activity of this enzyme 
was much less striking than that of catalase. 

5. Liver catalase activity is depressed much more than is kidney catalase 
except in the case of spontaneous mammary tumor in the mouse. 

6. No reduction of liver catalase activity was observed in pregnant 
animals or in animals bearing implants of embryonic tissue. 

Two alternative hypotheses have been suggested (3) to explain these 
facts: 1) that the tumor inhibits catalase by removing from the blood 
a component necessary for the normal functioning of this enzyme, or 2) 
that the tumor inhibits catalase by releasing a toxic substance or sub- 
stances into the blood stream. 

Attempts have been made to influence the liver catalase of normal 
animals by diet. Greenstein (5) found that a 3-day fast had no effect on 
liver catalase activity of rats. Weil-Malherbe (7) reported that the 
vatalase activity of normal rat liver was not significantly changed by a 
high (45 percent casein) or a low (8 percent casein) protein diet, nor by 
daily intraperitoneal peptone injections. Intraperitoneal injections of 


1 Received for publication January 2, 1951. 
2 A preliminary report of this work has appeared (1). 
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sheep serum, however, raised the catalase activity of the liver. Miller 
(12) observed that in rats fasted for 7 days, the decrease in liver catalase 
activity paralleled or exceeded the general protein loss. Similar results 
were reported by Appelman ef ai. (8). 

In an attempt to test the second hypothesis, Greenstein injected saline 
extracts of transplanted hepatoma 31 (including necrotic areas) intra- 
peritoneally into normal rats and found that the liver catalase activity 
was not affected. However, in 1948, Nakahara and Fukuoka (12) re- 
ported the isolation of a fraction of certain human tumors which when 
injected into mice reduced the liver catalase activity within 24 hours. 
They were unable to isolate a similar material from normal tissue. 
Although there was considerable variation in the inhibitory effect among 
different tumor preparations, these workers postulated the existence in 
tumors of an agent capable of reducing liver catalase activity (see Adden- 
dum). 

In the present investigation, various fractions of certain experimental 
tumors have been prepared and tested for their ability to lower liver 
catalase activity when injected intraperitoneally into C3H mice. Al- 
though a slight reduction in activity was obtained with material pre- 
pared by the method of the Japanese workers, a considerably more active 
agent was obtained by alcohol fractionation. Inbred strains and stable 
transplantable tumors were employed in an attempt to reduce variability. 


EXPERIMENTAL PROCEDURE 


The following tumors were employed: 1) C3HBA transplanted mam- 
mary tumor carried in C3H mice,’ 2) Walker rat sarcoma,‘ and 3) 
AXCMCA2 transplanted fibrosarcoma carried in Dunning-Curtis rats. 
The mammary tumors were harvested 3 to 4 weeks after transplantation. 
Although the average tumor weight was from 4 to 5 gm., these tumors 
showed little or no necrosis grossly or microscopically. The AXCMCA2 
transplanted fibrosarcoma was carefully dissected free of necrotic areas. 

Isolation.—Acetone powders were prepared by blending the tumor with 
3 volumes of cold acetone in a Waring blender at 5° C. The material was 
filtered, resuspended in 2 volumes of acetone, refiltered, washed with ether 
and dried in vacuo at 5° C. 

An aqueous suspension of the acetone powder (1 gm. of powder to 40 ce. 
of water) was refluxed for 3 hours on a boiling water bath with continuous 
stirring. (Fresh tumor blended for 15 minutes with 4 volumes of water 
in a Waring blender at 5° C. was occasionally used instead of the acetone 
powder suspension. However, with tumors containing much lipid ma- 
terial, poor separations were subsequently obtained by alcohol fractiona- 
tion.) The suspension was centrifuged for 30 minutes in the Sharples 
centrifuge at 62,000Xg. The precipitate was discarded, the supernate 


*The transplanted mammary tumor and fibrosarcoma were kindly supplied by Dr. M. K. 
Barrett. 

*The authors wish to thank Dr. G. B. Mider for donating a generous supply of lyophilized 
necrotic and nonnecrotic Walker sarcoma tissue. 
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evaporated in vacuo to one-tenth of its original volume and centrifuged 
again in the Sharples for 30 minutes. The slightly opalescent, yellow 
supernatant was chilled to 0° C. and cold ethanol was added to a final con- 
centration of 10 percent. After standing three hours at 0° C., the solu- 
tion was centrifuged for 30 minutes in the Sharples centrifuge. The 
precipitate was washed with absolute ethanol and ether and dried. The 
fractionation was continued by successively increasing the alcohol con- 
centration to 60 percent. The pH was adjusted to 4.5 for the final alcohol 
precipitation. Each fraction was dissolved in water (60 cc. per gm.), ad- 
justed to pH 7.4, and the insoluble material was removed by centrifuga- 
tion to yield a clear yellow solution. Precipitation was carried out at 
room temperature by adding glacial acetic acid to pH 3.5 and 2 volumes 
of ethanol. This precipitate was centrifuged and washed with absolute 
ethanol and ether. The fractions thus obtained were nearly white powders 
which when stored in vacuo at 5° C. retained their activity for many 
months. 

Active material was also obtained by means of a more convenient pro- 
cedure. The acetone powder was dissolved in water, refluxed, and cen- 
trifuged as described above. The supernate was evaporated to one-fourth 
its original volume and brought to a pH of 7.4. Absolute ethanol was 
udded at 0° C. to a final concentration of 10 percent. The insoluble ma- 
terial was centrifuged and discarded. The solution was adjusted to pH 5 
by addition of glacial acetic acid and the ethanol concentration increased 
to 20 percent. A voluminous white precipitate was obtained, which was 
centrifuged and washed with absolute ethanol and ether. The powder 
was dissolved in water and precipitated as described above. The yield 
of active material was 80 mg. per gm. of acetone powder. 

Assay.—The liver catalase activity of normal C3H mice (2 to 5 months 
old) was determined 24 hours following intraperitoneal injection of a 
neutral solution of the material to be tested. In any given assay, the 
injected mice and the controls (injected with 0.85 percent sodium chloride) 
were of the same age and sex. Two or more mice were employed for each 
assay except in a few cases in which insufficient material was available. 
The animals were killed by decapitation and bled. The livers were 
quickly removed, suspended in 10 volumes of cold M/15 phosphate buffer 
of pH 6.8, and homogenized in a Potter-Elvehjem homogenizer for 1 
minute at 1,250 r. p.m. in an ice bath. The homogenates were diluted with 
10 volumes of buffer immediately prior to the determination of catalase 
activity. The volumetric procedure described by Greenstein (2), in 
which the time in seconds was measured for the evolution of 10 and 20 cc. 
of oxygen from a 29 percent hydrogen peroxide solution, was used. Since 
the activity expressed as percent of control value agreed at the two levels, 
only values for evolution of 10 cc. of oxygen are reported. When sodium 
perborate was used as the substrate (14), the homogenates were diluted 
with 100 or 200 volumes of buffer. The nitrogen content of homogenates 
prepared from experimental and control animals was not significantly 
different. 
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RESULTS 
INHIBITORY EFFECT OF VARIOUS FRACTIONS OF NORMAL AND NEOPLASTIC MOUSE TISSUES 


An acetone powder of the C3SHBA mammary tumor was fractionated as 
described above. Each fraction was tested in 100-mg. doses, and the results 
of these assays are given intable1. The liver catalase activity of animals 


TaBLe 1.—Effect of fractions of mouse mammary tumor, liver, and muscle on liver 
catalase activity 














Ethanol fraction Tumor (preparation 1) Muscle Liver 
Percent Weight! | Activity? | Weight! | Activity? | Weight! | Activity? 

POT .577| 67 | 0.232 94 |) 
Ss « « sithseintnidbianna@ucen 2. 230 42] .183 67 | % 049 |-------- 
RL cic snr a uxeiaicnicniactatitnite tee eeestn 1. 465 44 . 805 | 83 . 244 | 67 
| Se 154 43 . 360 56 . §72 67 
bie ta aes Ine 180 48 | - 125 | 100 $17 67 
OS ee eee 1. 760 56 | " } | ma 1 
60; pH 4.5__..-.......-_- 1. 220 67 } - 790 | ead Una 110 

Total weight.......| 7. 586 |.......- | 2. 495 | a ecatalae -° {Saat 








! Calculated on the basis of 100 gm. of acetone powder. 
? Percent of average control value (1.8 cc 02 per second). One cubic centimeter of 1/100 liver homogenate was 
treated with 5 cc, of M/15 phosphate buffer at pH 6.8, and 1 cc. of 29 percent hydrogen peroxide at 25° C. 


injected with fractions precipitated by 15 to 50 percent ethanol was less 
than half of that of the control animals. A total of 7.586 gm. of material 
was obtained per 100 gm. of acetone powder, and of this, 5.789 gm. ex- 
hibited good activity. A number of subsequent fractionations were 
carried out with similar results. 

The loss of liver catalase activity obtained by injecting fractions of the 
C3HBA mammary tumor is of the same order of magnitude as that found 
in animals bearing this tumor. The liver catalase activity of the tumor- 
bearing animals used in this study was 37 to 50 percent of the average 
value obtained for normal C3H mice. 

When acetone powder obtained from muscle of normal C3H mice was 
fractionated (table 1), the fractions precipitated between 10-15 and be- 
tween 20-30 percent ethanol lowered liver catalase activity to a moderate 
extent. However, fractionation yielded a total of 2.495 gm. of material, of 
which only 0.543 gm. exhibited inhibitory activity. There was therefore 
considerably less active material obtained from normal muscle than from 
the tumor, by the fractionation procedure employed. Similar results were 
obtained with liver. 

A number of assays were performed employing sodium perborate as the 
substrate rather than hydrogen peroxide. The values expressed as percent 
of the control value were in close agreement with determinations performed 
by the manometric hydrogen-peroxide procedure. 

Injection of 0.85 percent sodium chloride, desoxyribonucleic acid, 
ribonucleic acid, and crystalline bovine serum albumin had no effect on 
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TABLE 2.—Effect of various materials on liver catalase 








Material | Dose z ae, 
| 
Mammary tumor: | (mg.) percent 
I I en cs 2 no oe care awnonneieewen 50 ’ 
EE ES, | ee ee ee ee ene eee 100 2 42 
Preparation No. 34____---- SE Sar ao eee 50 56 
ON ONS ee ree eee cree 100 20 
Preparation No. 45____- eee ee OE aR eee eet 100 48 
Crystalline bovine serum albumin__-.----------------- ec | 100 97 








1 Expressed as percent of control value. 
2 Sodium perborate assay procedure. 

§ 20-40 percent ethanol fraction. 

4 15-20 percent ethanol fraction. 

5 20-30 percent ethanol fraction. 


liver catalase. In contrast, active material was repeatedly obtained from 
the mouse mammary tumor (table 2). The lowered liver catalase activity 
produced by injection of the active tumor fraction was observed 12 hours 
after injection. The effect was present 24 and 48 hours after administra- 
tion of the active fraction, and a normal level of liver catalase was again 
established after 72 hours (text-fig. 1). 

Fractions of mouse mammary tumor that were effective in lowering the 
liver catalase to about 50 percent of the control level when injected into 
normal C3H mice were tested in vitro. Mouse liver homogenates were 
incubated with active tumor fractions for 30 and 60 minutes at 37° C. The 
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TextT-FIGURE 1.—Liver catalase activity at various intervals following intraperitoneal 
injection of 100 mg. of active tumor fraction. 
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mixtures (containing between 0.1 and 10 mg. of tumor fraction per cc.) 
were then diluted and tested for catalase activity. The activity values in 
the presence and absence of tumor fractions were identical. 


EFFECT OF INJECTION OF MAMMARY TUMOR FRACTIONS ON CERTAIN OTHER LIVER 
ENZYMES 
It was of interest to determine whether injections of tumor fractions 
affected the activity of other liver enzymes. Five mice were given a single 
dose of 100 mg. of an active mammary tumor fraction. The activity 
of several enzyme systems was determined 24 hours after injection (table 
3). Although the liver catalase values were 56 percent of the average 


TABLE 3.—Effect of injection of mammary tumor fraction on certain enzymatic activities 
of mouse liver 























Lactic 
Catalase | Trans- | Dehydro- ; 

aeuivitg * onan 2 peptidase ® poses ec 
1. 1 a | ee 223 
ll | 378] 15.5] 300 
Injected with tumor fraction - - - 7 .96/ 3.56] 15.8] 231 
.85| 3.19] 166) 270 
12 | 386/ 15.5) 270 
Average - -..--- nine ne ata eh | 10 | 371 15. 9 259 
[| 7 | 412| 175| 231 
_ “4 ‘ : — 7, £9 4,12 17. 6 223 
Injected with 0.85 percent NaCl_--_--------- -) 18 4.27 | 17.2 | 194 
1.9 4. 61 16. 0 | 224 
I ecient ctectesrconntnned ees | 1.8 | 4. 218 


bo 
@ 
i 
a 
_ 





1 Cubic centimeters of oxygen released per second. 

3 Glutamic acid disappearance (uM) in the presence of pyruvate in 15 minutes. Reaction mixtures contained 
1 cc. of homogenate (1:50), 10 4M glutamic acid, 20 uM Na pyruvate, and veronal buffer at pH 7.2 in a final 
volume of 4cc. Glutamic acid was determined by enzymatic decarboxylation. 

34M NHs formed from glycyldehydroalanine by 1 cc of 1: 10 homogenate in 20 minutes (15). 

4 uM pyruvate reduced per minute per gram of liver at 26° C. (16). 


control value, no significant changes occurred in transaminase, dehydro- 
peptidase, or lactic dehydrogenase activity. It may therefore be con- 
cluded that injection of the tumor fraction did not produce a general 
depression of enzymatic activity. 


EFFECT OF FRACTIONS OF NORMAL AND NEOPLASTIC RAT TISSUES 


The effect of fractions obtained from Walker sarcoma and rat fibro- 
sarcoma on the liver catalase of C3H mice is somewhat lower than that 
observed with mouse mammary tumor fractions (table 4). It is of in- 
terest that the values for fractions obtained from the necrotic and non- 
necrotic areas of the Walker tumor produced effects of about the same 
order of magnitude. However, the necrotic areas were toxic and killed 
the animals injected with the 20-30 and 50-60 percent ethanol fractions. 
Very low yields of material were obtained by fractionation of normal 
rat spleen and intestine. Only a few fractions were large enough to 
permit assay. The fractions obtained from spleen by precipitation with 
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TABLE 4.—Effect of certain normal and neoplastic rat tissue fractions 




















Walker sarcoma 
Ethanol fraction Fibrosarcoma Liver 
Nonnecrotic Necrotic 
- | : 
Percent Weight ! ae Weight ! “—T Weight! | —T Weight! —T 
PR ckcwccancnl ee bee - _ 

baad 1 999 | 79 |t -941 | 55] 0553] 64] 0.027 |-....- 
- 3a . 258 58 3. 584 55 1. 172 68 Me Ecwoxns 
Lf _____ aa 1. 129 68 . 919 60 1. 235 73 . 129 86 
- . ees 2. 011 58 . 379 (3) . 414 64 . 124 110 
eee 1. 317 63 1. 006 65 . 312 64 . 440 86 
eee . 381 68 . 508 (3) a SEE S Bisse 
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1 Calculated on the basis of 100 gm. of acetone powder. 
2 Percent of average control value (1.9 cc. 03 per second). 
3 Animal died. 

* 50 mg. of material injected. 


10-15 and 15-25 percent ethanol and those obtained from intestine by 
precipitation with 30-50 and 50-60 percent alcohol were inactive. The 
fractions obtained from rat liver that were large enough for assay were 
also found to be inactive. 


CERTAIN PROPERTIES OF ACTIVE TUMOR FRACTIONS 

Dialysis of active fractions against water for 36 hours had no effect 
on the activity. This finding as well as preliminary ultracentrifugal 
studies suggested that the active agent might possess itself or be associated 
with particles with a molecular weight of at least 40,000. However, it was 
subsequently found that digestion of active fractions with 6 N hydrochloric 
acid at 100° C. for 12 to 48 hours did not affect the activity (table 5). 
Furthermore when the digested material was dialyzed, the activity was 


TABLE 5.—Effect of acid digestion on activity ! 











: | Catalase ac- 
: Duration of tivity (per- 
i 3 
Fraction — cent of con- 
Mammary tumor preparation No. 4: | 
S| __RRREERENOEEED ene mney verneerm | 0 50 
sm tL nen eee eer ne ee ere ne ees 18 58 
eae Serene eee 0 46 
66 66 a lt ee eae | 18 | 48 
“ ALANIS ENE LICE AT OE | 48 39 
POO Stk oth b diene en Se esrosuaoe wanes 0 59 
ss il OEE TE SE eR ee ee eT 12 63 
Walker sarcoma, nonnecrotic, Fraction 15-20..........-..- 2 y 
‘< “ce ‘ “ “ec “ | 
Ae NS gine hk wire cada newts duuwneweled ate 0 91 





1 All assays were carried out with 100-mg. doses. 

2 Precipitated at pH 4.5. 

3A mixture of crystalline optically-pure L-amino acids containing alanine, glycine, serine, proline, aspartic 
acid, arginine, valine, threonine, phenylalanine, hydroxyproline, a-aminobutyric acid, and isoleucine in a concen- 
tration of 5 percent, tryptophan in a concentration of 2 percent, lysine in a concentration of 8 percent, leucine in a 
concentration of 10 percent, and glutamic acid in a concentration of 20 percent was injected in doses of 100 mg. 
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found to be dialyzable. Digestion of am inactive fraction obtained from 
rat intestine did not significantly change the activity. Intraperitoneal 
injection of a mixture of the amino acids present ° in the digested material 
in C3H mice did not affect the liver catalase activity. 

Although all of the fractions obtained by alcohol precipitation exhibited 
a maximum absorption in the utraviolet at 2,600 A, there was no correla- 
tion between activity and absorption at this wave length. 


DISCUSSION 


The present findings are compatible with the hypothesis that the lowered 
liver catalase of tumor-bearing animals is due to an inhibitory substance 
elaborated by the tumor. The inhibition resulting from injection of mam- 
mary tumor fractions is of the same order of magnitude as that found in 
livers of mice bearing thistumor. The fractions obtained from the normal 
tissues studied possessed very little activity as compared with material 
derived by the same procedure from mammary tumor. The liver catalase 
activity returned to normal levels 72 hours after injection of active frac- 
tions. It is of interest that a 48-hour recovery period was found for the 
liver catalase activity of rats following extirpation of hepatomas (4). 
Another similarity between the effects of injection of tumor fractions and 
the findings with tumor-bearing animals is the absence of a general de- 
pression of enzyme activity. The present results are in general agreement 
with those of Nakahara (13, 17,18) on human tumors. 

It would appear that the active material is effective in both a non- 
dialyzable and a dialyzable form, and that it is very stable to heat and 
strong acid. Further studies on the chemical nature of the active agent 
are in progress. 

SUMMARY 


1, Certain tumors and normal tissues were subjected to ethanol frac- 
tionation, and these fractions were injected intraperitoneally into C3H 
mice. The liver catalase activity of these mice and control animals was 
determined. 

2. Fractions obtained from C3HBA mammary tumor lowered the liver 
catalase activity by more than 50 percent within 24 hours following a 
single intraperitoneal injection. 

3. The effect on the liver catalase activity was observed 12 hours after 
injection, and after 72 hours the liver catalase activity was within normal 
limits. 

4. Fractions obtained from normal tissues possessed considerably less 
ability to lower liver catalase. 

5. The depression of liver catalase activity was not accompanied by a 
significant decrease in liver lactic dehydrogenase, dehydropeptidase, and 
glutamic-alanine transaminase. 

6. The activity of tumor fractions was not affected by digestion with 
6 N hydrochloric acid for 48 hours. 


* The amino acids present in the digest were identified by paper chromatographic procedures 
by Dr. H. A. Sober. 





and 


vith 


jures 





EFFECT OF TUMOR FRACTIONS ON LIVER CATALASE 1005 


7. The present findings are compatible with the hypothesis that the 
lowered liver catalase activity of tumor-bearing animals is due to a 
compound (or compounds) elaborated by the tumor. 


ADDENDUM 


After this paper was submitted a very interesting report by D. H. Adams appeared 
(Brit. J. Cancer 4: 183, 1950). This author found that the liver catalase activity of 
mice injected subcutaneously with homogenized sarcoma (S37) decreased significantly 
24 and 48 hours after injection, rose to normal by the 4th day, and diminished again 
during the growth of the new tumors. Injection of a variety of normal tissues, in- 
cluding whole embryo tissue, produced no significant change in liver catalase activity. 
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DIFFERENTIAL EFFECTS OF ROENTGEN 
RAYS ON CELL PERMEABILITY AND ON 
CELL CLEAVAGE. EXPERIMENTS WITH 
EGG CELLS OF ARBACIA PUNCTULATA *? 
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versity of Pennsylvania, Philadelphia, Pa.; Hartford Hos- 
pital, Hartford, Conn.; Laboratory of Biology, Princeton 
University, Princeton, N. J.; and the Marine Biological 
Laboratory, Woods Hole, Mass. 


Many radiobiologists believe that exposure of living cells to Roentgen 
rays, or to other forms of irradiation, leads to changes in permeability, 
and that to such changes in permeability may be attributed, in part at 
least, the injurious effects of ionizing irradiations on neoplastic as well 
as on normal cells. This concept, however, has been derived from experi- 
ments that have been mainly qualitative rather than quantitative, and in 
many instances the methods used, as well as the interpretation of the 
results, are open to criticism. The older literature has been reviewed by 
Heilbrunn and Mazia (/). In more recent years, although permeability 
determinations have become more quantitative, few such seem to have 
been made on irradiated cells. We have been able to find only 2 papers 
published during the past few years that are pertinent to the present 
experiments. Ting and Zirkle (2) studied permeability to water and 
certain nonelectrolytes, using beef erythrocytes exposed to 33,000 Roentgen 
units. They observed a 20 percent increase in permeability to water, 
but only a 6 percent increase to thiourea, and a 3.5 increase to ethylene 
glycol. Reed (2) exposed the unfertilized eggs of a sea urchin, Strongylo- 
centrotus purpuratus, to ultraviolet light of various wavelengths (2,483 
to 3,130 A) and found no significant effect on permeability to water, to 
ethylene glycol, or to certain other solutes. 

The biological importance of ionizing irradiations is rapidly increasing. 
They are widely used in studying a great variety of normal and abnormal 
processes, including neoplasia. This fact makes it desirable to obtain 
precise information as to the mechanism of irradiation effects on cells. 

The present paper deals with the action of Roentgen rays on perme- 
ability of unfertilized Arbacia eggs to water, to ethylene glycol, and to 
diethylene glycol. In particular, the more or less immediate rather than 


1 Received for publication January 12, 1951. 


2? This investigation has been aided by a grant from the Committee on the Advancement of 
Research of the University of Pennsylvania. 
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the late effects were studied following exposure of these cells to 100,000 r. 
With the same material the action of Roentgen rays on cell cleavage has 
been investigated and compared with the effect on permeability. 


MATERIAL AND METHOD 


The unfertilized egg cells of the sea urchin, Arbacia punctulata, were 
selected as test objects because, for the purpose of the present experiments, 
they have several advantages: large numbers of isolated cells can be 
obtained in an uninjured condition; they are spherical in shape and, in 
any one animal, of fairly uniform size. These characteristics permit 
quantitative measurements of permeability by the methods we wished to 
use. Also, the resting cells can be activated (fertilized) readily by adding 
normal sperm, whereupon normal cells undergo cleavage at a definite 
rate and in an almost constant pattern, while in injured cells the division 
rate may be delayed, the cleavage pattern may become atypical and the 
cells may disintegrate. Thus it is possible to determine whether the 
experimental procedures have altered cell cleavage and whether they have 
produced irreversible injury or death. Since exposure of Arbacia eggs to 
Roentgen rays is known to interfere with the orderly process of cleavage, 
it becomes important to correlate these effects with possible changes in 
permeability. 

The technique for obtaining the eggs and the precautions necessary for 
keeping them in good condition during the course of the experiments have 
been described previously (4). 

For irradiation, eggs from a single animal were first washed in filtered 
sea water and a portion of them placed in a flat-bottomed celluloid capsule, 
7 cm. in diameter and 1.5 cm. in depth, care being taken to have the eggs 
distributed in a thin layer. The Roentgen-ray generator at the Marine 
Biological Laboratory consists of 2 tubes in alternate parallel cross-firing 
in center; it is operated at 182 kv, and 25 ma per tube, with an 0.15 mm. 
copper equivalent filter. The distance from the center of each target to 
the test object is 9.5 cm., and the rate of delivery 7,190 r per minute. The 
total amount of irradiation used was 100,000 roentgen units, measured in 
air, and delivered in approximately 14 minutes.° 

After irradiation the cells were divided into several lots and placed in 
bowls of fresh sea water. To one lot normal sperm was added within 
3 to 8 minutes after the termination of the exposure and at the same time 
control eggs were fertilized. Other lots of irradiated cells were used 
for measurement of permeability. The measurements of permeability 
were begun within 10 minutes after irradiation. Usually, the measure- 
ments were repeated 2 or 3 times within the next 1 or 2 hours with different 
lots of cells from the same animal. 

Permeability values were obtained for water, for ethylene glycol, and 
for diethylene glycol. The values of permeability were computed from 


* We wish to express our appreciation for the technical assistance of Mr. H. R. Hyde, Depart- 
ment of Experimental Radiology, Marine Biological Laboratory. 
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measurements of the volume changes that take place when the eggs are 
transferred from sea water, with which they are in osmotic balance, to a 
hypotonic or to a hypertonic medium. In most of the determinations, the 
course of osmotic swelling or shrinking was followed by means of a dif- 
fraction method, the details of which have been described (4,5). Briefly 
stated, the method is based upon the principle that a beam of parallel 
monochromatic light from a slit source is diffracted in passing through 
a homogeneous suspension of small particles. Each individual object 
contributes to the diffracted light; hence a single measurement of the 
diffraction pattern gives the average size of all the objects in suspension— 
in the present experiments many thousands of cells—thereby eliminating 
errors due to individual variation in size. As viewed through a telescope 
this diffraction pattern consists of alternate dark and light bands (minima 
and maxima of intensity) symmetrically arranged on either side of the 
image of the slit. The angular displacement of a given diffraction band 
from the central image of the slit is determined by setting the crosshairs 
of the telescope upon it, and reading on a scale the angle through which 
the telescope has been rotated. From such measurements the average 
size of the objects causing diffraction may be computed. Precise measure- 
ments can be made at intervals of a few seconds, a factor of importance 
when volume changes are rapid. 

In order to check the results, a second (photoelectric) method was used 
in some experiments. This method is based upon the principle that the 
amount of light passing through a homogeneous suspension of semiopaque 
cells varies inversely with the volume of the cells. The rate of change in 
intensity of light during the course of change in cell volume is obtained 
in the form of galvanometric records (6). 


RESULTS 


The experimental results will be presented in the following order: effect 
of irradiation on size, shape, and tendency to cytolysis of the cells; on 
permeability to water during the course of swelling in hypotonic sea- 
water; on permeability to water during the course of shrinking in an 
initially hypertonic solution of a penetrating solute; on permeability to 
ethylene glycol, and to diethylene glycol; on the course of volume changes 
as recorded galvanometrically; on permeability values at different times 
after irradiation ; and on the effect of irradiation on cell cleavage. 


Size, SHAPE, AND TENDENCY TO CYTOLYSIS 


As a preliminary to permeability determinations it was necessary to find 
out whether exposure of the eggs would lead to changes in their initial 
size or shape, or in their tendency to cytolysis. A change in initial size, 
while not interfering with the experimental procedures, would have to be 
taken into account in the computations, but change in shape or an early 
tendency to cytolysis would prevent the use of the diffraction method 
for measuring the cells. Fortunately, none of these changes occurred 
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within several hours after irradiation. In table 1 are given measure- 
ments of 6 different lots of irradiated eggs and the corresponding controls. 
It is seen that irradiation did not induce change in the initial size of the 
eggs. The mean volumes of the control eggs was found to be 2,185 x 10? 
»®; after irradiation the mean volume was 2,176 X 107,°. 

Similarly, no change in shape of the eggs was observed upon careful 
examination with the microscope. Nor was there any evidence of cytol- 
ysis during the first 2 or more hours. But, upon standing for several 
hours, approximately 5 percent of the irradiated cells had cytolyzed, indi- 
cating that they had been irreparably damaged by the Roentgen rays. 


TABLE 1.—Comparison of volume of control and of irradiated cells. All measurements 
were made within 2 hours after exposure to 100,000 r._ The figures must be multiplied 
by 100 to obtain actual volumes in cubic micra. No significant difference occurs in the 
2 columns of figures 














Original vol- | Original vol- | y 
Lot No. uime of con- | Volume after Lot No. ume of co: kee oy 
nee 2, 253 2,227 || V___.-._------. 2, 442 2, 340 
RaaTRRE: 2, 088 2,037 VI__- i 2, 253 2, 253 
Ti cidieeantcesaken 2, 020 2,148 
IV__- satel 2, 054 2, 054 Mean ; 2, 185 2, 176 





PERMEABILITY OF THE CELLS TO WATER 


The initial size of irradiated and nonirradiated eggs was obtained by 
measuring them in ordinary sea water, as in the example given above. To 
determine their permeability to water, 2 methods were used. 

First method.—The measured cells were transferred to sea water diluted 
to 60 percent (occasionally to 70 or 50 percent).* In these hypotonic solu- 
tions water entered under the driving force of osmotic pressure, and the 
cells swelled. The course of swelling was followed by measuring the 
diffraction pattern at convenient intervals. From such measurements, 
the permeability of the cell to water was then computed from the equation : 


pk /8.(P—Pe) 
dV. “ . 

where 7S the rate of change of cell volume due to penetration of water; 
S area of cell surface; (P—P-) the difference in osmotic pressure between 
the interior of cell and the medium; and X expresses the permeability of 
the cell to water. In the units used, X gives the number of cubic micra 
of water that enter the cell per minute through 1 square micron of surface 
per atmosphere of pressure. 

The details of calculation have been given in previous papers (5, 9, 10). 
It is not necessary here to discuss the computation of permeability further, 
as the results of the experiment are illustrated in text-figure 1. The 


* By 60-percent sea water is meant a solution consisting of 60 parts sea water and 40 parts 
distilled water. A suspension of egg cells in 60-percent sea water is conveniently prepared by 
mixing 2 parts of cell suspension in 100 percent sea water with 8 parts of 50-percent sea water, 
both solutions having first been brought to the desired temperature. 
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TEXT-FIGURE 1.—Comparison of the course of swelling of control and irradiated 
Arbacia eggs in 60 percent sea water. The curve is constructed by plotting volumes 
against time, the values representing the mean volumes of duplicate experiments. 
It is seen that the course of swelling is very similar for both control and irradiated 
cells, indicating absence of measurable effect of irradiation on permeability to water. 





observed volumes of both irradiated and control cells during their course 
of swelling in 60 percent sea water have been plotted against correspond- 
ing times, and a smooth curve has been drawn through the points. It was 
found that the volumes of both kinds of cells were closely scattered about 
the curve. The value of X in the experiment was 0.18. In 7 additional 
experiments, of which 3 were done in triplicate, the values of K have 
ranged from 0.14 to 0.19.5 

From these experiments it was concluded that Roentgen irradiation did 
not alter to a measurable degree the permeability to water of unfertilized 
Arbacia egg cells. 

5In these computations, cell volumes have not been corrected for the amount of osmotically 
inactive substance, b; such correction slightly lowers the value of the permeability constants. 


Since the present experiments are concerned with comparative values, allowance for b was 
considered unnecessary. 
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Second method.—This method, developed by Jacobs (11), makes it 
possible to evaluate simultaneously cell permeability to water and to a 
penetrating compound. The cells are first measured in ordinary sea water 
and are then placed in a medium made by dissolving in sea water 0.5 M of 
a relatively harmless substance to which the cells are permeable: in the 
present experiments, ethylene glycol or diethylene glycol. In this initially 
hypertonic medium the cells at first shrink, but as the solute penetrates 
and becomes more and more equally distributed between cells and medium, 
water gradually re-enters and the cells swell toward their original size. 

The data required for calculating permeability both to the solute and 
to water are initial cell volume, V,, minimal volume attained, V,,, time re- 


, 


, , :; — - . 
quired to attain this volume, and the ratio ,° These data in a repre- 
0 
sentative experiment are given in table 2. 


TasLe 2.—Data from a representative experiment for computing permeability values 
of control and irradiated Arbacia eggs to ethylene glycol (K,:) and water (K:). 
Volumes are in hundreds of cubic micra. The last 2 columns give the values of 
permeability at a temperature of 24° C. in units stated in table 3, where values 
for all experiments are summarized 











a ____ | Time to | 
Cell | Ve | a li al oe Ki Ks 
(min.) | 
Control_________________- | 2,280! 1,863 3.0) 0.817 3.3 0. 18 
Irradiated.__.-._________- | 2,280) 1,875 3.0| .822 3.5 18 
| 








The results of 8 experiments on determination of permeability to water 
are given in the designated columns of tables 3 and 4. The mean permea- 
bility of the control and of the irradiated cells to water is 0.20 and 0.18, 
respectively, when ethylene glycol served as the penetrating solute, and 
0.21 and 0.22, respectively, when the more rapidly penetrating solute, 
diethylene glycol, was used. These values are in good agreement. 
Slightly greater permeability values were obtained by the second method 
than by the first.’ 


In brief it has been found by two different methods that Roentgen irradi- 
ation did not bring about a change in the permeability to water of Arbacia- 
egg cells. 


* For details of computation and comments on this method, reference should be made to the 
original papers of Jacobs (11), and of Stewart and Jacobs (12). Using this method, they have 
followed the course of volume changes in Arbacia by direct measurements of individual cells. 
As they point out, it is difficult by their procedure to determine accurately the initial size of 
the particular cell whose volume changes they wish to follow. This difficulty is avoided by the 
use of the diffraction method, which permits measurement of original volume of the particular 
cells later used in the experiment and, moreover, gives statistical averages of many thousands 
of individual cells. 

‘This difference is readily explainable on the grounds that by the second method permeability 
is measured during the course of shrinking, and by the first during the period of swelling of 
the cells. As has been shown previously for Arbacia eggs, water appears to leave the cell 
more rapidly than it enters, the calculated values of permeability for exosmosis being somewhat 
greater than the value for endosmosis (9). 
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TaBLE 3.—Permeability of control and irradiated Arbacia eggs to ethylene glycol and to 
water. Summary of 4 experiments. The permeability values for ethylene glycol signify 
the number of mols X 10—5 that pass through each square micron of cell surface per minute 
at a concentration difference of 1 mol per liter, at a temperature of 24° C. For perme- 
ability to water the units are given as cubic micra of water per square micron of cell 
surface per minute per atmosphere of pressure. The values for permeability of control 
and irradiated cells show no significant differences 
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TaBLE 4.—Permeability of control and irradiated Arbacia eggs to diethylene glycol 
and to water. Summary of 4 experiments. The units are the same as given in 
table 3. The values for permeability of control and irradiated cells for both solute 
and water show no significant differences 
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PERMEABILITY OF THE CELLS TO ETHYLENE GLYCOL 


As stated above, the ingenious method devised by Jacobs (11) makes it 
possible to measure the permeability of the same cells to water as well as 
toasolute. The data required are the same, and are exemplified in table 1. 
For our first group of experiments we selected ethylene glycol because 
this substance is known to penetrate Arbacia eggs at a rate convenient 
for measurement and because it is relatively nontoxic for these cells. The 
results of 4 experiments are given in table 3. The figures indicate the 
number of mols X 107° of ethylene glycol that pass through each square 
micron of cell surface per minute, at a concentration difference of 1 mol 
per liter, at a temperature of 24° C. It is seen that the values for irradi- 
ated and control cells are not significantly different. For convenience of 
inspection, we have averaged the observed volumes of irradiated and con- 
trol cells from the 4 experiments and plotted them against time (text-fig. 
2). For both kinds of cells the observed points are closely scattered about 
the smooth curve drawn to give the best fit. The figure shows graphically 
the absence of irradiation effects on permeability to ethylene glycol. 
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TEXT-FIGURE 2.—The course of shrinkage and subsequent swelling of control and 
irradiated Arbacia eggs when placed in a solution of 0.5 M ethylene glycol in sea 
water. The mean volumes from 4 experiments are plotted against time. It is seen 
that the course of volume change is the same for control and irradiated cells. 
Permeability values of individual experiments are given in table 3. 


PERMEABILITY OF THE CELLS TO DIETHYLENE GLYCOL 


For the second group of 4 experiments we selected the somewhat more 
rapidly penetrating solute, diethylene glycol. The results are shown in 
table 4. Again it is seen that exposure to Roentgen rays did not affect 
the permeability of Arbacia cells. The mean volumes for this solute are 
the same in the irradiated and the control cells. Similarly text-figure 3, 
giving the mean volumes of the cells in the 4 experiments plotted against 
time, graphically shows positive correspondence. 
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TExT-FiGURE 3.—The course of shrinkage and subsequent swelling of control and 
irradiated Arbacia eggs when placed in a solution of 0.5 M diethylene glycol. The 
mean volumes of 4 experiments are plotted against time. The correspondence of 


volume changes indicates an absence of irradiation effect. Permeability values 
of individual experiments are given in table 4. 





COMPARISON OF PERMEABILITY OF IRRADIATED AND CONTROL CELLS BY A PHOTOELECTRIC 
METHOD 


In the last group of experiments, a photoelectric method was used. 
To the cells in sea water was added, at the start of the observations, suf- 
ficient pure ethylene glycol to make the environment 1 M with respect 
toethylene glycol. This medium is more hypertonic than the one used with 
the diffraction method, and cell volume changes are more rapid. Repre- 
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TEXT-FIGURE 4.—Galvanometric records of control (upper graph) and _ irradiated 
(lower graph) Arbacia eggs during the course of volume changes in a medium 
consisting of 1 M ethylene glycol dissolved in sea water. Arrows indicate time 
of addition of ethylene glycol. The time intervals in the first third of both records 
are 1 second; in the center, 15 seconds; in the last third, 1 minute. Shrinkage is 
recorded as increased transmission of light, swelling as decreased transmission. 
The time required for attaining minimal volume is the same for the irradiated and 


the control cells, indicating that irradiation has not affected permeability. 
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sentative galvanometric records are shown for irradiated and control cells 
in text-figure 4. Here shrinkage is manifest by an increasing amount of 
light transmitted through the suspension of cells. The time for attain- 
ment of minimal volume is the same for both irradiated and control cells. 
Similar agreement was observed in 3 other experiments. The results 
obtained by this method are in accord with those obtained by the dif- 
fraction method, in that no effect of Roentgen irradiation on permea- 
bility was demonstrable. 


COMPARISON OF PERMEABILITY VALUES OBTAINED AT DIFFERENT TIMES 
IRRADIATION 


AFTER 


The permeability values for water and 2 solutes reported have all been 
derived from measurements made within a short time after the end of 
irradiation. As already stated, we were particularly interested in more 
or less immediate, rather than in late, effects of irradiation, and we wished 
to avoid the complicating effects of recovery. The measurements in the 
experiments were therefore begun within 10 minutes after the end of 
exposure, and completed within 30 minutes. In most experiments, how- 
ever, we repeated measurements after 1 or 2 hours. While we are here 
not primarily concerned with the values for permeability of these later 
measurements, it is of interest to record that they did not differ signifi- 


‘antly either in degree or in direction from the measurements made 
earlier. 


EFFECT OF IRRADIATION ON CELL CLEAVAGE 


A number of investigators have shown that exposure of unfertilized 
Arbacia eggs causes a delay in the time of occurrence of the first cleavage 
subsequent to the addition of normal sperm. Henshaw (7), whose exten- 
sive studies should be consulted for details and for references to the work 
of others, defines the delay of cleavage as the time required for cleavage 
in the irradiated eggs over and above the time required for cleavage in 
the nonirradiated controleggs. In the present experiments, the irradiated 
eggs were fertilized 3 to 8 minutes after the termination of irradiation. 
In all experiments cleavage was delayed in over 95 percent of the eggs, 
the time ranging from 70 to 150 minutes. In each lot there was a small 
percentage of eggs, usually 1 to 2, less often up to 5 percent, which did 
cleave considerably ahead of the majority, though not at the same time as 
the controls. When cleavage did begin, the division rate proceeded in the 
usual manner, the time schedule of the irradiated eggs, however, always 
lagging behind the controls. Atypical division forms were common. 
Eventually many of the irradiated cells reached an abnormal blastula 
or gastrula stage, and thereafter disintegrated. Within 22 hours all the 
irradiated eggs had become completely cytolyzed, while the control eggs 
had developed into normal plutei. The course of events in a representa- 
tive experiment is shown in a series of photographs (fig. 1).8 

8 The photographs were made by Messrs. C. M. Loos and J. C. Robinson in Dr. H. F. Blum’s 


laboratory at Woods Hole, using the apparatus described by him (8). By his technique both 


irradiated and control cells can be photographed at the same time, and without disturbing the 
positions of the individual cells. 
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DISCUSSION 


It must at once be emphasized that the results obtained with Arbacia 
eggs cannot, without experimental evidence, be applied to all cells. Bear- 
ing this in mind, our conclusions may be stated as follows: 

The experiments have shown that exposure of unfertilized Arbacia eggs 
to 100,000 roentgen units under the conditions stated does not affect the 
permeability of these cells either to water or to the penetrating solutes, 
ethylene glycol and diethylene glycol. However, these irradiated cells, 
when inseminated, reveal great alterations: the time to first cleavage is 
delayed, many cells divide atypically, and within 24 hours practically all 
disintegrate. Evidently the effect of irradiation upon the cells is dif- 
ferential: the mechanism governing cell permeability remains unchanged. 
If we assume that the cell surface is chiefly concerned with permeability, 
and the nucleus with cleavage mechanism, we should have to infer that 
irradiation promptly leads to damage of nuclear components, but not 
simultaneously to components of the plasma membrane. Such inference, 
however, is perhaps not as yet fully warranted. The action of radiation 
on living cells is exceedingly complex and it is by no means certain which 
cell components are primarily affected, or how they are affected.° We 
must, therefore, content ourselves at present with recording our experi- 
mental results, and point out that factors other than Roenigen irradiation 
can exert similar differential effects on Arbacia eggs. 

In previous experiments it was found that permeability to water and 
to various solutes of Arbacia cells (as well as of the egg cells of Chaetop- 
terus, and the erythrocytes of mouse and beef) was not altered after 
exposure to choleic acid compounds of several carcinogenic hydrocarbons 
and related noncarcinogens. Under the same conditions the carcinogens 
did, however, induce decided disturbances of cell cleavage, whereas the 
related noncarcinogens did not affect the cells adversely (78). Similarly, 
experiments with heavy water (99.5 percent D.O) indicated that this sub- 
stance did not change the properties of the plasma membrane of Arbacia 
eggs so far as permeability is concerned; the values of permeability to 
D.O were the same as those for H.O. But 99.5 percent D,O “sea water” 
completely inhibited cell cleavage when eggs inseminated in ordinary sea 
water were transferred to this medium. The cells failed to develop sperm 
asters, indicating that development was inhibited within several minutes 
after the fertilized eggs came in contact with heavy water (19). Thus, 
the differential effects of irradiation on cell cleavage and on permeability 
of Arbacia eggs are not unique, but can be produced by other factors. 

These results have a bearing upon an important concept of biology, 
namely injury. Like some other fundamental biological concepts, injury 
is difficult to define with precision (20). An exact definition of injury 


*For a discussion of the mode of action of irradiation, reference should be made to recent 
publications by Lea (13), Zirkle (14), Giese (15), Spear (16), and Duryee (17). 
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can be made only in terms that are quantitative and that refer to definable 
biological or physical criteria. Suitable criteria, as for example in the 
present experiments, are cell cleavage and cell permeability. It is gen- 
erally accepted that interference with cleavage signifies injury. That this 
process is irreversible is indicated in the present experiments by the actual 
disintegration of the cells once they have passed through a few division 
stages. But injury is said to induce an increase in cell permeability. 
There is no doubt that this is true of many kinds of injury. For example, 
we ourselves have found that injury as revealed by alteration of cell cleav- 
age, and as induced by high temperature, anisotonic solutions and certain 
narcotics, causes marked increase in the permeability of Arbacia eggs 
to water. Furthermore, this increase can be correlated with the degree 
of injury and hence may be taken as a measure of injury (2/). The 
present experiments make it clear, however, that there are forms of injury 
(as defined by abnormal cleavage) in which permeability to water and 
to the solutes studied is not altered. Irradiation, certain carcinogens, and 
D.O are among factors that exert such differential effects. The signifi- 
cance of these conclusions on cells in general must await further explora- 
tion. 
SUMMARY 


To determine the effect of Roentgen rays on permeability, the unferti- 
lized egg of the sea urchin, Arbacia punctulata, was selected. Utilization 
of this cell permits accurate measurements of permeability and readily 
recognizable indications of injury. Permeability to water, to ethylene 
glycol, and to diethylene glycol was measured within 10 to 30 minutes after 
irradiation. It was found in each instance that the irradiated cells did 
not differ in their permeability values from the control cells. However, 
that the irradiation proved injurious to the cells was shown, for, after 
fertilization, cleavage was delayed and atypical, and later the cells 
cytolyzed. 

The effect of irradiation is therefore differential with respect to two 
functions of the cells: cleavage and permeability. Such differential effect 
is not unique for irradiation but is similar to the action of certain other 
factors such as some carcinogens and D.O. These results are discussed 
with respect to their bearing on the general biological concept of injury. 
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PLATE 109 


FicurE 1.—A selected group from an extensive series of photographs of control and 
irradiated Arbacia eggs, showing effects of irradiation on cell cleavage. The figures 
indicate time elapsed in hours following introduction of normal sperm. On the 
left side are the control eggs, on the right the irradiated eggs. It is seen that 1.5 
hours after insemination the control eggs have reached the 4 or 8 cell stage, 
whereas in nearly all the irradiated eggs cleavage has not as yet begun. After 2.5 
hours, the controls have reached a multicellular stage, while most of the irradiated 
eggs are still undivided; atypical division is shown among those that have started 
cleavage. After 11 hours, al! of the controls are in the free-swimming stage, and 
many havVe left the field, whereas division of the irradiated eggs has progressed to 
blastulae that are slowly revolving. In 22 hours the controls have developed into 
plutei, while the irradiated eggs have disintegrated. 
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THE SPONTANEOUS BIOPSY *? 
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It has been the general impression that the cytologic method of cancer 
detection is something new. The extent of the newness—Papanicolaou’s 
first paper (4) dealing with the cytology of cancer was entitled “New 
Cancer Diagnosis” *—and the importance of the contributions of Papani- 
colaou and Traut, Dudgeon, Mosto, Graham, Ayre, Herbut, and others 
become apparent when placed in their historic setting. It need hardly be 
emphasized that the early history of the subject has been discontinuous. 
There were sporadic reports by isolated investigators that awakened an 
alertness in others. Variants of fixing, embedding, and staining methods 
were reported by different men in different countries, often without knowl- 
edge of similar work in progress or completed elsewhere.* This is, of 
course, a familiar phenomenon in the history of science. The interest was 


1 Received for publication January 16, 1951. 

2 This expression occurs in a paper by Lamarque et al. (1) entitled “Biopsie spontanée d'un 
eancer secondaire du poumon.” They apply the term to the ejection of nonsurgical “tumor 
fragments large enough to permit of exact histologic examination.” It is used also in a paper 
by Brachetto-Brian (13). I am limiting the discussion to documented case reports, supported 
by study of histologic sections. 

* Papanicolaou more recently (5) uses the word “revival,” “because the idea of examining 
various body fluids * * * for the purpose of detecting cancer cells is not new.’”’ In spite 
of the modern aversion to the use of eponyms, the terms “Papanicolaou method” and “Papani- 
colaou stain” are probably here to stay. Their use appears justified as a recognition of the 
important labors of the protagonist. 

Vaginal cytology has been examined for more than a century. As early as 1847 Pouchet 
(6) reported his independent microscopic studies of the menstrual cycle as reflected in the 
vaginal secretion obtained at the vulva. Drawings in his Atlas (7) of unstained preparations 
of cyclical stages reveal marked observational skill. Dickinson (21) as early as 1869 studied 
vaginal secretion for evidence of diagnostic cellular criteria in cases of known uterine 
malignancy. His failure to find “anything diagnostic of the disease’ illustrates an inherent, 
admitted weakness of the cytologic method in cases of far-advanced, necrotic malignant lesions. 
However, it was not until about 80 years later that Papanicolaou first recognized exfoliated 
eancer cells in vaginal secretion and adapted the method vigorously to its most productive field. 

* Luecke and Klebs (8) as early as 1867 described malignant cells in smears of peritoneal fluid 
obtained by trocar in a case of carcinoma of the pancreas with metastases to the omentum. 
Ferguson (22) in 1893 described the alcohol fixation, celloidin embedding, sectioning, and 
Staining of urinary sediment for the detection of tumor cells. Three years later, Bahrenburg 
(9) described the “fixing and hardening and studying of cellular elements of cavity fluids,” and 
was able to report “epithelial elements which were * * * highly suggestive, if not conclu- 
sive evidence of carcinoma involving the peritoneum” in paraffin embedded semicoagula of 
ascitic fluid. In 1932 Morin (10) rediscovered the fixing, sectioning, and study of cavity fluids 
as a diagnostic tool. The alleged priority of his method was caustically attacked by Mosto 
(16). The important early work on the cytology of sputum and bronchial secretions in English- 
speaking countries appears to have been done without firsthand acquaintance with the experi- 
ence of a group of South American investigators (18-18), who also used classical methods of 
embedding and sectioning. 
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there; the findings were striking; the impetus of a devoted, painstaking 
scientist was lacking to elevate the subject to consistent scientific 
duplicability. 

The earliest report of a spontaneous biopsy with microscopic confirma- 
tion of the ejected tumor mass is probably that of L. S. Beale (19)*° who 
in 1860 reported the case of a 44-year-old woman with “cancer of the 
pharynx and adjacent parts.” The patient’s sputum when examined 
microscopically “without the addition of water or any chemical reagent,” 
showed “various forms of the so-called cells in the sputum” which were 
“clearly not cells, but fragments of a mass containing, irregularly scattered 
through it, nuclei or small cells.” While Beale’s unconventional interpre- 
tation enabled him to make a diagnosis verified at autopsy, the bizarre 
forms pictured in his woodcut suggest rather those of epidermoid car- 
cinoma. 

The next reference to a case of spontaneous biopsy is one to gross par- 
ticles observed in the urine of a 43-year-old male reported by Sanders (20) 
in 1864. The patient’s “cancer was of great extent, involving the whole 
interior of the bladder, and obstructing completely the left ureter. The 
most important points in the case were, that there was no hematuria at any 
time, and that the patient passed per urethram fragments of the cancer 
sometimes of small size like mere shreds, at other times forming cylindrical 
plugs about an inch long, which often became impacted in the urethra, and 
obstructed the flow of urine. Examined under the microscope, these plugs 
consisted of epithelial cells more or less disintegrated, among which could 
be observed peculiar concentric globular bodies.” He describes these 
bodies as having a “central part enveloped by flattened epithelial scales 
forming peripheral concentric layers * * * The post-mortem exami- 
nation showed clearly that these concentric corpuscles belonged to the 
cancerous structure, where they could be found in large numbers.” 

Of particular historic interest because it is apparently the first report of 
the spontaneous biopsy of a relatively “early,” clinically unsuspected, 
cancer is Dickinson’s (21) case report of 1869. His 51-year-old, previously 
asymptomatic, male patient had passed “a small quantity of bloodtinged 
urine, which contained some small, buff-colored lumps, which had very 
much the appearance of fibrinous coagula, for which they were at first 
mistaken. These masses had drawn attention by briefly obstructing the 
urethra during their passage * * * The small quantity of urine in 
which the masses lay abounded with large cells, presenting a great variety 
of shapes; some were spheroidal, some spindle-shaped, others irregularly 

5 As early as 1846 Walshe in The Nature and Treatment of Cancer (p. 350) cites references 
for the expectoration of “encephaloid detritus” in cases of alleged malignant lesions of the 
lungs. It is obvious, however, that his sources refer to gross rather than microscopically 
verified diagnoses. Thus Greene (2) in 1843 discussed a case with “caseous matter in the 
expectoration,” while autopsy revealed “a remarkable specimen of malignant disease within 
the cranium and thorax.” Lancereaux’s (3) case reported in 1858 and frequently quoted in the 
French literature as an example of the diagnosis of pulmonary cancer made intra vitam, fulfills 
the conditions of a spontaneous biopsy, which, however, apparently was not subjected to 
histologic proof. His patient was a 49-year-old laundress who expectorated matter “about the 


size of a nut” and “in all respects analogous to cerebral substance.”” Autopsy revealed extensive 
primary pulmonary neoplasm and metastases of an “encephaloid” nature. 
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angular, and curved * * * There could be no doubt that the masses 
described formed parts of an organized cellular growth, such as would 
belong to a malignant tumor, apparently of the encephaloid kind.” The 
author reasoned that “under the circumstances there was no difficulty in 
inferring, from the evidence of what had passed by the urethra, that the 
patient had a malignant tumor, probably of the encephaloid variety, that 
it was situated in the bladder, and that it was of a kind which might be 
expected to grow rapidly. But so complete was the absence of bladder 
symptoms, and so perfect the apparent health of the patient, that this 
view of the case was received with the greatest surprise, and at first almost 
with incredulity.” He, nevertheless, “ventured * * * to predict 
that the patient had seen his last summer.” Death did occur 8 months 
after the first examination. Commenting on the extreme rarity of such 
a diagnosis Dickinson counseled that “in cases, indeed, in which malignant 
disease of the bladder or kidney is suspected, the microscope is often a 
source of error. Under circumstances of irritation and disturbance large 
cells, presenting quite the idea of cancer cells, of all shapes and characters, 
regular and irregular, rounded, angular, and elongated, are occasionally 
thrown off in abundance from various parts of the urinary membrane. 
Patients who upon the evidence of urine presenting such appearances 
have been convicted of cancer have been known to get well and remain so.” 
Following the prevalent Miller-Virchow insistence on the nonspecificity 
of cytologic criteria of malignancy, he remarked that “no isolated or 
detached cells, therefore, found in the urine, can be regarded as proof of 
cancer in the urinary tract, while the absence of such cells presents no 
argument in favor of the freedom of the bladder and kidney from malig- 
nant growth.” ° 

Hampeln (23) appears to have been the first to report a sarcomatous 
lung metastasis primarily diagnosed by sections of an expectorated mass. 
In 1876 he described the case of a 19-year-old male who 3 years earlier 
had had an amputation because of osteosarcoma of the left lower femur. 
The patient had definite clinical findings referable to his lungs, and 
expectorated grayish-red firm tumor particles up to one half inch in 
length. A diagnosis of “round cell sarcoma” was made on the basis of 
microscopic studies of embedded tumor fragments. 

Huber (24) in 1889 presented the case of a 21-year-old Bulgarian law 
student whose painful left-leg lesion was attributed to arthritis or rheuma- 
tism before its malignant nature was suspected. The author reports that 
months before the patient’s death expectorated masses were diagnosed as 
portions of sarcomatous metastases “with the greatest imaginable cer- 
tainty.” Autopsy revealed a massive local lesion with metastases to the 
lung. 

Troisier (25, 26) in the same year described the case of a 34-year-old 
male with cancer of the suprarenal cortex metastatic to the lungs. 


*Ferguson (22), however, as early as 1893 “believed that the best method of making a 
diagnosis of tumor of the bladder was py continuous microscopical examination of the urine.” 
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After a violent access of coughing the patient expectorated a small, fleshy, 
whitish mass the size of an orange seed. The histologic findings of the 
expectorated mass were in essential accord with those of the autopsy.’ 

While the first report of primary carcinoma of the lung diagnosed by 
microscopic study solely of the cytologic components of sputum appears 
to be that of Ménétrier (27)* in 1886, the first report of a primary bron- 
chial carcinoma diagnosed intra vitam from sections of grossly visible 
expectorated tumor masses is probably that of Ehrich’s (28) doctoral 
dissertation of 1891. His patient was a 51-year-old male who after several 
years of bronchial catarrh and increasing hemoptyses developed intense 
right-sided thoracic pain and during a severe paroxysm of coughing ex- 
pectorated irregular tissue masses. These on microscopic examination 
revealed numerous clumped pleomorphic cells, with a tendency to con- 
centric arrangement, although no actual cornification was demonstrable. 
According to the author a diagnosis of pulmonary carcinoma could be 
made “with absolute certainty” on the basis of microscopic sections of the 
expectorated masses. The diagnosis was confirmed at autopsy, which 
revealed “carcinoma pulmonis dextrae et pleurae” originating in the right 
main bronchus. 

Feldt (31) in 1903 contributed two additional cases to the subject of 
spontaneous biopsies occurring in the sputum. The first was that of a 
46-year-old Frenchwoman who repeatedly expectorated whitish tumor 
fragments up to 20 mm. in length and 3 mm. in thickness, which on micro- 
scopic examination were found to be compatible with a diagnosis of “round 
cell sarcoma.” His second case was that of a 16-year-old male who had 
had an amputation because of osteosarcoma of the tibia. During the last 
weeks of this patient’s life there occurred profuse hemoptyses. Two 
ejected cylindrical masses measuring 1.5 cm. in length and 0.5 em. in 
thickness on microscopic examination revealed the histologic picture of a 
very vascular “giant cell sarcoma.” 

In 1907 Chace (32) reported on the “Diagnosis of Carcinoma of the 
Stomach from a Fragment of the Tumor Obtained by Means of the Stom- 
ach Tube.” He considered his observation “peculiarly interesting because 
a large piece of tissue was drawn through the tube during quiet lavage in 
a case where the tumor was freely movable and no larger than a walnut.” 


7A very similar case was reported by Nussbaum (87) in 1922 (vide infra). 

® Credit for the first report of primary carcinoma of the lung diagnosed by microscopic study 
of expectorated tumor cells has been assigned to Hampeln (29), who published his case report 
in 1887. At autopsy of his 62-year-old patient a pulmonary lesion was demonstrated which 
was classified histologically as “carcinoma alveolare.” “Of even greater significance,” states 
Hampeln, “were the microscopic findings of the sputum.” An examination made about 5 
months before death yielded “besides detritus and small, delicately granular roundcells, numerous 
pleomorphic granular clubshaped and spindleshaped cells of remarkable size with single or 
several nuclei.” To the author, the malignant nature of these cells was “beyond doubt.” 
Priority, however, should probably be accorded to Ménétrier whose report antedates that of 
Hampeln by a year. Repeated microscopic search of sputa of his 51-year-old ma‘e patient 
eventually revealed small whitish lumps which showed “irregular epithelial elements with very 
large nucleus, resembling those of a carcinoma.” Autopsy disclosed a malignancy compatible 
histologically with a diagnosis of epidermoid carcinoma. Betschart’s ($0) classical report of a 
case with primary pulmonary carcinoma diagnosed intra vitam by cytologic criteria did not 
appear until 1895. 
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The tumor fragment recovered from his 43-year-old male patient was a 
“moderately hard, flesh-colored, irregularly-shaped mass, about 1 by 1.5 
by .25 centimeters.” He interpreted the histologic structure as that of an 
“adenocarcinoma presenting marked colloid degeneration,” and concluded 
that “if a more minute examination of the wash-water were made in cases 
of gastric lavage, we would possibly be able to make not only an earlier 
but an exact diagnosis of gastric conditions.” 

Pfahler (36) in 1921 in a discussion of Bryan’s paper on the “Roentgen- 
ologicul Study of Primary ‘Lung Carcinomata,’” relates the case of a 
physician-friend who “coughed up a part of the tumor and had sense 
enough to take it to a pathologist for examination.” ‘Treatment resulted 
in “an almost complete disappearance of the tumor but later the patient 
died of some pulmonary condition,” presumably of carcinoma. 

Nussbaum (37) in 1922 reported a case very similar to Troisier’s (vide 
supra). He was able to make a diagnosis of malignancy intra vitam in a 
68-year-old foreman on the basis of stained sections of embedded expecto- 
rated bean-to-filbert-sized tumor fragments. Microscopically these were 
characterized by central regressive fatty and necrotic changes. Autopsy 
revealed carcinoma of the left suprarenal gland with pulmonary metastasis. 

In the same year Barker (38) published the case of a 54-year-old white 
male who had coughed up a “mass” a few weeks earlier said to have been 
“about the size of the end of his thumb.” A similar mass expectorated 
during the patient’s stay in the hospital was reported by the pathologist as 
“neoplastic, consisting chiefly of stratified epithelium, characteristic of 
one form of primary carcinoma of the bronchus.” Death occurred 4 
weeks after this spontaneous biopsy. 

In 1931 Sergent et al. (11) described the case of a 49-year-old male, who 
expectorated a small compact grayish mass the size of an acorn. At first 
the symptomatology suggested a cold abscess of bone with pleural effusion. 
A diagnosis of “round cell sarcoma” was made on the basis of aspiration 
of pleural fluid and biopsy of an involved gland. Shortly before death 
another tumor fragment was ejected through coughing. It is not clear 
whether the expectorated fragments also were subjected to histologic 
examination. 

Jekel (39) in 1936 reported the case of a 56-year-old white male patient 
who “presented a confusing clinical picture of possible carcinoma of the 
stomach without a palpable mass.” In the absence of conclusive radio- 
graphic studies a definite diagnosis of adenocarcinoma was made after 
incidental aspiration of a particle of tissue through a stomach tube during 
routine gastric analysis. In spite of the inoperability of the case Jekel 
suggests that “nevertheless, the possibility of an early diagnosis in this 
manner must be admitted.” ® 
~ ®Chace’s ($2) and Jekel’s ($9) cases are not strictly “spontaneous” such as might, perhaps, 
be afforded by vomiting or hemoptysis, but are rather “fortuitous” biopsies depending on the 
trauma of friction and suction. The purely cytologic aspects of gastric cancer have been 
explored more extensively by Mosto (17), Richardson ($3), Gladstone ($4) and Panico et al. 
($5). The last two particularly use ingenious methods of inducing exfoliation, Gladstone by 


attaching portions of gelfoam sponge to the stomach tube, Panico et al., by the use of an inflated 
balloon with roughened surface. 
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In 1936 Lamarque et al. (1) reported the “spontaneous biopsy” of a 
pulmonary metastasis of a malignant axillary tumor. Their case was 
that of a 20-year-old miner, who had an axillary mass extending to the 
pleura and lung. During a violent attack of coughing the patient ejected 
a cylindrical fragment of tissue two or three centimeters in length resem- 
bling a large piece of crayon. Because of the excellent preservation—“a 
biopsy made with forceps could not have produced better preserved frag- 
ments”—an exact histopathologic diagnosis was possible. This revealed 
“atypical proliferation of mesenchymatous elements with considerable 
amitotic and mitotic activity * * *” There were numerous blood 
spaces of the sarcomatous type, that is, their lumina lacked true endothelial 
lining and were marginated directly by the sarcomatous cells, which 
appeared to be forming fibrils. 

Brachetto-Brian (/3) in 1937 reported a case seen by him in 1919. The 
patient was a 55-year-old male who complained of difficulty in breathing, 
inability to sleep on his back or his left side, and a cough accompanied by 
hemoptysis of two months’ duration. A few days later during a severe 
attack of asphyxia he expectorated tumor fragments the size of filberts. 
Histologic examination of these spontaneous biopsies revealed them to be 
epitheliomatous. A year and a half after the first examination the left 
lung was extensively infiltrated. 

While evidence of pulmonary metastases from clear-cell carcinoma of 
the kidney has been reported from sputum analysis (40), there appears 
to be no reference in the literature to the expectoration of grossly visible, 
biopsy-like fragments of such metastases. Therefore, it may be of interest 
to recall here a case of my own (41) where an expectorated tumor frag- 
ment met Lamarque’s criteria of a spontaneous biopsy. It affords an 
interesting counterpart to those of Troisier and Nussbaum. The material 
sent to my laboratory was labeled sputum, but contained a cylindroid piece 
of tissue measuring 3.3 by 1.4 by1.3cm. It was moderately firm, irregular, 
and roughened, and consisted of grayish-white strands interposed between 
areas of dark brown, slightly softer material. Along one margin there 
was soft, brown, friable material, apparently clotted blood. Histologic 
sections revealed cellular morphology and architecture consistent with that 
of clear-cell carcinoma of the kidney (fig. 1).° It was then ascertained 
that the patient had undergone nephrectomy several years earlier, which 
had demonstrated the presence of clear-cell renal carcinoma, with 
plugging of the renal vessels by tumor tissue. Sections of the expectorated 
fragment were indistinguishable from those of the original tumor (fig. 2) .” 


SUMMARY 


A search of the literature for documented case reports of so-called 
spontaneous biopsies has yielded 17 examples conforming to Lamarque’s 


10 S-14953, Laboratory, U. S. Marine Hospital, New Orleans, La. 


{ 
4 $-8362, Laboratory, U. S. Marine Hospital, New Orleans, La., original diagnosis by Dr. 
Chapman Binford. 
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definition, z. e., the ejection of nonsurgical “tumor fragments large enough 
to permit of exact histologic examination.” They comprise a variety of 
anatomical sources—pharynx, lungs, bladder, stomach. Included among 
them are primary and metastatic carcinomas as well as metastatic sar- 
comas. Although modern cytology has achieved its most signal successes 
in the study of vaginal secretion, there is apparently a complete absence 
of pertinent case reports relating to the female genital tract. There is on 
the other hand a preponderance of primary and secondary tumors of the 
lung. It is, of course, impossible to determine the actual frequency with 
which such diagnoses have been made in general practice: Brachetto- 
Brian (1/3) reported his case 18 years after the diagnosis was made; Jekel 
(39) refers to an apparently unpublished case of Stout’s. There were a 
few earlier reports without histologic confirmation, and there is an occa- 
sional undocumented reference in monographs and textbooks. The rela- 
tively few satisfactory case reports, however, and the emphasis that suc- 
cessive authors place on the apparent rarity of such a diagnosis, would 
make such cases medical curiosities rather than examples of a statistically 
important means of diagnosis. With the exception of Dickinson’s case 
the patients’ lesions were far advanced. ‘The attendant necrosis and 
erosion that facilitated ejection, at the same time made histologic diagnosis 
difficult. Co-existing ancillary signs and symptoms no doubt influenced 
the diagnosis then even as now with our more refined techniques. Never- 
theless, the elements of a method are there: the diagnoses were made 
intra vitam; they were made on tumor fragments spontaneously ejected 
through natural passages. The malignant nature, if not their correct 
specific type, was established by microscopic examination. As precursors 
of our present methods of exfoliative cytology their educative value is 
evident. There are repeated admonitions in the reports to be alert for 
such evidences of malignancy, and the possibility of their use in the early 
detection of cancer is emphasized. If such case reports accomplished 
nothing else, they prepared the way for the extensive search of the last 
two decades for a clinically dependable cytodiagnostic tool. 
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PLATE 110 


Figure 1.—Upper. Spontaneous biopsy of pulmonary metastasis S-14953, U. S. Ma- 
rine Hospital, New Orleans, La. x 450. 

FieurE 2.—Lower. Tumor of kidney, S—8362, U. S. Marine Hospital, New Orleans, La. 
xX 450. 
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EFFECTS OF A FILTRABLE, SELF-PROP- 
AGATING CONTAMINANT ON A TRANS- 
PLANTABLE ACUTE LYMPHOID LEU- 
KEMIA IN MICE? 


L. W. Law and THetMa B. Dunn, National Cancer In- 
stitute, National Institutes of Health, U. S. Public Health 
Service, Bethesda, Md. 


Levaditi and Nicolau in 1922 (7) described the effect of pox viruses 
on experimental rodent epitheliomas. Since that time relatively few in- 
vestigations have been reported on the influence of viruses on neoplasms. 
A review has been given recently by Moore (2) and it is evident that the 
results reported concerning specific effects of viruses on various types of 
tumors have been equivocal. 

Studies relating to the effects of extraneous viruses on leukemia in 
particular have been reported recently by Turner and co-workers (3, 4), 
who observed prolongation of life in mice bearing a transplantable 
lymphoid leukemia designated Leukemia 9417, when the mice were in- 
fected with brain-adapted vaccine virus. During the course of their 
experiments it was observed that the leukemia became more acute; after 
which time no effect on the survival of leukemic mice was elicited, 
although variations in the strain of vaccinia, dosage, and time of infection 
were tried. Two transplantable myeloid leukemias were unaffected by 
vaccinia virus. Sharpless and co-workers (5) have observed regression 
of a transplantable lymphoid leukemia in chickens following super- 
imposed infections by any of the following: Russian Spring-Summer, 
West Nile, Japanese B. encephalitis, St. Louis encephalitis, and louping- 
ill virus. No apparent damage to the host was observed from these 
infections, and chickens that did not develop leukemia following trans- 
plantation were usually rendered immune to challenge by homologous 
tumor. 

Only two studies (6, 7) concerning the effects of contaminating, non- 
bacterial, self-propagating agents on experimental lymphomas of mice 
have been reported. An infectious agent, studied intensively by Taylor 
and MacDowell (6), produced a nonlethal illness beginning at 7 days. 
Clinical signs were a sudden loss of weight and inactivity accompanied by 
a moderate lymphocytosis. There was a decrease in the average interval 
before death following inoculations of infected leukemic-cell brei. The 


1 Received for publication February 12, 1951. 
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causative agent could be separated from the leukemic cells by serial trans- 
fer through host animals rendered immune by a prior infection with cell- 
free filtrates. In the report by de Bruyn (7), a cell-free agent that caused 
a prononced lymphopenia following transplantation of a lymphosarcoma 
was described. Taylor and MacDowell described alterations in the organs 
of the infected animals and the leukemic process. De Bruyn’s report gave 
particular attention to the effects on total and differential leukocyte 
counts, without any description of morphologic changes. 

We wish to report studies on the clinical and pathologic effects of a non- 
bacterial, cell-free, self-propagating agent, probably a virus, which ap- 
peared in an acute lymphoid leukemia, L1210, carried routinely in 
transplant in strain dba mice. Lymphoid leukemia, L1210, has been de- 
scribed previously (8). This transplantable leukemia originated in an 
8-month-old strain dba female following skin paintings with 0.2 percent 
methylcholanthrene in ethyl ether. It has been maintained in 4 separate 
sublines for more than 90 successive passages by transplantation into 
strain dba mice 4 to 8 weeks of age. In 1 of the transplant sublines, at 
the 37th passage, all 6 dba animals inoculated in a routine subcutaneous 
passage of leukemic cells, showed signs of illness 7 days after inoculation. 
These mice exhibited a pronounced loss in weight, inactivity, ruffled, damp 
fur, and labored breathing. At autopsy there was cloudy fluid in the 
peritoneal and thoracic cavities, the spleen, thymus, and lymph nodes 
were extremely small, and the liver was pale. Signs of the acute illness 
disappeared in the remaining mice, but they died presumably from leu- 
kemia at an average age of 17 days. The extent of infiltration of leukemic 
cells, however, as determined by histologic study was insignificant when 
compared with the growth of leukemic cells developing in mice inoculated 
with the control, uninfected subline, in which massive infiltration into the 
liver, spleen, and lymph nodes occurred terminally. Propagation of this 
infected sublime was continued by use of a Locke’s-solution brei of homog- 
enized spleen, liver, and lymph nodes inoculated either subcutaneously or 
intraperitoneally. The infected leukemic cells have now been carried 
through 26 passages in over 150 strain dba mice and all have exhibited the 
typical signs of illness. No evidence of this acute infection has been 
observed in another subline of leukemia L1210 maintained as a control 
for the infected subline. 

An attempt was made at the 4th passage, following discovery of the 
infection, to separate the contaminant from leukemic cells. Lymph nodes, 
spleen, and liver were homogenized, diluted 1:10 by volume with sterile 
Locke’s solution, centrifuged at 3,000 r. p. m. for 20 minutes, passed 
through a tested Berkefeld N candle, then inoculated into 6 strain dba mice 
intraperitoneally with 0.1 ce. of filtrate per mouse. The filtrate prepared 
in this manner is referred to as the standard cell-free filtrate. At 7 days 
the earliest signs of illness appeared, and at 10 days a severe illness with 
loss of weight was apparent. These mice, however, eventually recovered. 
Again at the 5th and 6th passages of infected leukemic cells, filtrates were 
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prepared in identical manner and inoculated into a group of 7 and a group 
of 10 strain dba mice. All mice showed typical signs of illness, beginning 
at 7 days, and all eventually recovered. Beginning with the 7th passage 
of the infected subline, a standard cell-free filtrate, was obtained and used 
for infecting strain dba mice. Subsequently the infection has been trans- 
mitted by standard cell-free filtrate through 22 successive passages using 
lymph nodes, spleen, and liver from mice inoculated 7 to 21 days previ- 
ously. In this series 93 mice were used for successive passages of cell-free 
filtrates and all developed the typical signs of infection. In the first 13 
passages, by standard cell-free filtrates, all mice, except those sacrificed 
for transfer, recovered. However, an increased virulence of the agent 
has been indicated in transfers 14 through 26. Nine out of 14 animals, not 
including those sacrificed for transfer or for tissues, in passages 14 through 
17, died of an acute infection at from 13 to 43 days. All strain dba ani- 
mals inoculated in passages 18 through 26, excepting those sacrificed, died 
at from 9 to 36 days. It was found also that mice of other inbred strains, 
C58, RIL, C3H, A, and C57 black, when given parenteral inoculations of 
the standard cell-free filtrate of the 24th passage developed the acute 
illness and died after approximately the same interval as strain dba mice. 
However, mice infected with this virulent and invariably fatal process 
have not been included in these studies, which are concerned only with 
animals that exhibited the nonlethal illness. 

Standard cell-free filtrates used at the 5th and 8th passages were intro- 
duced into a horse-meat infusion broth containing 1 percent peptone and 
0.5 percent NaCl at pH 7.4, and streaked on a complete nutrient agar 
medium including the same ingredients, plus 2 percent agar. Incubation 
for 72 hours was carried out at 37° C. In addition, whole blood obtained 
under sterile conditions by cardiac puncture from mice showing typical 
signs of illness in the 3d and 8th passages, respectively, of the cell-free 
filtrate series, was placed in both tubes and on agar plates and also in- 
cubated at 37° C. for 72 hours. No bacterial growth was found in any 
of the tube or plate samples. 

Mice inoculated with cell-free filtrates or with leukemic-cell brei showed 
a weight loss of at least 10 percent at 7 days (text-fig. 1A). A gradual 
recovery in body weight commenced after 24 days in the filtrate-inoculated 
group and continued until the original weights of the animals and more 
had been regained. The loss in weight was invariably accompanied by 
ruffling of the fur, inactivity, and labored breathing. Recovery in weight 
began after complete disappearance of these signs. Periodic blood counts 
showed an increase in the leukocyte count, concomitant with clinical signs 
of illness, reaching a maximum of 85,000 at 11 days. This was followed 
by a long, gradual decline in the leukocyte number and a return to a nor- 
mal blood count (text-fig.1B). Differential leukocyte counts revealed an 
increase in the granulocytes. Severe anisocytosis and polychromatophilia 
occurred during the period of leukocytosis. At 35 days, postinoculation, 
the erythrocytes resumed a normal appearance. 
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TEXT-FIGURE 1.—A. Comparative body weights, at various times intervals, of several 
groups of experimental and control strain dba mice. SC-cell brei refers to mice 
inoculated subcutaneously with leukemic cells of the infected subline of leukemia 
L1210 and IP-cell brei refers to mice inoculated intraperitoneally with leukemic 
cells. First curve shown represents mice recovered from a prior infection and 
given Berkefeld filtrate. Compare with curve 3 of mice not previously infected 
and given Berkefeld filtrate. Control growth curve was determined from unin- 
oculated mice. Points on curves represent means of the number of animals shown 
in parentheses. B. Periodic leukocyte counts shown in strain dba mice infected 
with the standard cell-free filtrate. Percentages refer to percent granulocytes 


obtained from the differential leukocyte counts. Each point represents a mean 
of 10 mice. 


Organ weights obtained at 10 days, at the height of the illness, following 
inoculation of a standard filtrate, showed an increase in adrenal weights 
and decrease in weights of the thymus, the spleen, and representative 
lymph nodes (table 1). 

The 2d to 8th passages, inclusive, of the virus-contaminated line, carried 
by leukemic-cell brei inoculations, were used to determine the effect on 
survival time of strain dba mice. Leukemic-cell brei (a 0.1 cc. dose of a 
1: 10 dilution in Locke’s solution), containing approximately 8 X 10 cells, 
was inoculated either intraperitoneally or subcutaneously. Similar inocu- 
lations of leukemic cells from an apparently uninfected subline of leukemia 
L1210 were used as control material. It can be seen from table 2 that a 
statistically significant shortening of the interval before death resulted 
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following intraperitoneal inoculations of virus-contaminated leukemic- 
cell brei, and a statistically significant lengthening of lives of leukemic 
mice occurred following subcutaneous inoculations. The contaminating 
agent when inoculated free of leukemic cells, as a filtrate, was found to 
be nonlethal during this period but inoculated in conjunction with leukemic 
cells (leukemic-cell brei) it decreased the interval before leukemic death, 
if inoculated intraperitoneally. Histologic studies revealed that usual 
extensive infiltrations by leukemic cells found in leukemia L1210 was 
greatly reduced in mice inoculated subcutaneously, and at the time of 
death in mice inoculated intraperitoneally, few, if any, leukemic-cell 
infiltrations were noted. 

Studies of resistance to reinfection were carried out by using the stand- 
ard cell-free filtrate, previously described, and the standard dose of 
leukemic-cell brei (approximately 8 X 10° cells) from the infected subline. 
Twelve strain dba mice infected 39 to 48 days previously by inoculation 
of a standard cell-free filtrate, received a second dose of filtrate. In no 
case did clinical signs of the infection or of leukocytosis develop. The 
growth curve of these mice paralleled that of the control series (text-fig. 
1A). In 10control mice inoculated with the same filtrate, typical signs of 
infection were evident beginning at 7 days. Ten strain dba mice that had 
been infected previously at from 45 to 123 days, by inoculation of the 
standard dose of a cell-free filtrate, received a standard dose of leukemic- 
cell brei from the 4th generation transfer of the infected subline of 
leukemia L1210. None of these mice showed any signs of illness, all 
gained in weight, and signs of leukemia were fully manifest after the 
usual time interval for this transplantable leukemia. Table 3 gives the 


TABLE 3.—Total and differential leukocyte counts at 7 days in strain dba mice following 
subcutaneous inoculation of leukemic-cell brei of the infected subline, leukemia L1210! 





























Differential count—percent (absolute number) 
Total Hb 
Group whe gm. | ; 
percent | Lympho- Poly- Mono- | Eosin- | Lympho- 
cytes morphs. | cytes ophils blasts 
I. Prior infection (5)-..-| 48,130 | 11.7 | 37.5 oe 14. 5 
| \(18, 050) | (22, 620) | (6, 980) 
II. Not previously in- | 35, 400 140; 28.5)| 66.5] 5 





fected (5). |(11, 860) |(23, 540) 
III. Uninoculated con- | 13, 700 | 15.0 | 5 


3. 5 Sf See 
trols (5). | 


60. 5 34. 5 
(8, 768), (4, 932) 





1 Strain dba male mice weighing approximately 18 grams were used. No loss in weight was found in group I, 
previously infected; 20 percent loss in weight found in group II. Figures in parentheses are numbers of mice used 
for blood counts. 
mean total and mean differential leukocyte counts of leukemic mice that 
had been infected previously by a cell-free filtrate compared with values 
of dba leukemic mice that had not been infected. It can been seen that 
at 7 days a typical leukemic blood picture is present in those mice infected 
previously, whereas there is no evidence of leukemia at this time in the 
uninfected group. The mean age at death in group I, showing a fully 
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developed leukemia, was 11.7 days, the expected mean age at death for 
normal strain dba mice bearing leukemia L1210, while the mean age at 
death for 5 strain dba mice, not previously infected, and which showed 
typical signs of illness was 18.3 days. 

Since it was found that resistance to infection could be produced in 
strain dba mice by inoculations of cell-free material, and since these infec- 
tion-resistant mice developed a fully manifest leukemia following inocula- 
tion of leukemic cells from the infected subline of leukemia L1210, an 
attempt was made to free the infected subline from the contaminating 
agent. Infected leukemic cells were passed by successive transfers 
through infection-resistant mice, that is, those previously infected by cell- 
free material with eventual recovery from the acute disease. Following 
the 1st passage through a strain dba mouse that had been infected 24 days 
previously, a terminal leukemic condition, without any evidence of infec- 
tion, was found at 8 days. These leukemic cells were then passed, using 
the standard dose of leukemic-cell brei, through 3 successive transfers in 
host animals that had recovered from previous infections. Following the 
1st passage, a test for the presence of the virus was made in 3 normal dba 
mice. All developed the typical signs of illness. However, after 3 succes- 
sive passages in previously infected hosts, the transplanted leukemic cells 
were then apparently free of the infectious agent. Eleven consecutive 
transfers of leukemic-cell brei in normal strain dba mice have now been 
accomplished without appearance of the signs of infection. 

Histologic examinations were made of several groups of these animals; 
1) mice bearing leukemia L1210 before the virus infection occurred, 2) 
mice infected with the virus, but without leukemic cells, 3) mice trans- 
planted with the leukemia infected by the virus, and 4) mice that had 
recovered from the virus infection several months previously. These 
groups are discussed below. 

1) This group consisted of the mouse in which Leukemia L1210 orig- 
inated, and four other animals transplanted with this line before the 
virus infection was recognized. Since this transplantable leukemia has 
been carried for a long time in this laboratory and has been used previ- 
ously in a study of the effects of aminopterin (8), its morphology and 
biologic behavior have been closely observed. It is considered to be a 
lymphoid leukemia. The principal cell is large and mononucleated, with 
a large vesicular nucleus and prominent nucleoli, a distinct nuclear mem- 
brane, and a narrow rim of basophilic cytoplasm. There is little varia- 
tion in the size or morphology of the cells, and mitotic figures are frequent. 
At the time of death the leukemic cells form a large, localized mass at the 
site of subcutaneous transplantation, and numerous cells are dispersed in 
the lymph nodes and spleen, enlarging these organs and obscuring the 
architecture. The leukemic cells appear in the peripheral blood a few 
days after transplantation, and very high leukocyte counts develop before 
death. In the original mouse, the lymph nodes and spleen were greatly 
enlarged and uniformly infiltrated by the leukemic cells. The four ani- 
mals that had early transplant generations of leukemia L1210 showed this 
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same picture, with infiltration of the spleen, lymph nodes, and liver by the 
leukemic cells. Two of these animals also showed a lesion in the lung, 
which we have occasionally observed in leukemia in mice. It consists of 
necrotic cells and masses of fibrinoid material contained in a pulmonary 
artery (fig. 1). 

An additional animal, which should be considered here, had recovered 
from the virus infection several weeks before it was transplanted with 
leukemia L1210. It showed a fully developed leukemia characteristic of 
this line and no morphologic evidence of infection by the virus. 

2) This group consisted of five mice that had received the standard 
cell-free filtrate 10 to 14 days previously. These mice showed clinical 
signs of acute infection. The pathologic findings were essentially the 
same in each of these five animals, so they are described together. All 
showed ascites and considerable subcutaneous edema, and two had hydro- 
thorax. The livers were generally pale, and the thymus, the spleen, and 
the lymph nodes were greatly reduced in size. Some nodes appeared 
hemorrhagic, and several showed minute yellowish-white opaque areas. 
Similar opaque areas were seen in the subcutaneous areolar tissue, and in 
the adipose tissue surrounding the reproductive organs, and in the mes- 
entery. The microscopic observations were: 

Lymph nodes —The most outstanding change in the lymph nodes was 
the almost complete absence of lymphocytes (fig. 2). No follicles could 
be recognized in the most severely affected nodes, which consisted of a 
reticular framework, reticulum cells, and wide sinus spaces. In some 
nodes there was a pronounced infiltration of plasma cells, some of which 
contained Russell bodies. (Russell-body cells were noted by Taylor and 
MacDowell as common in the virus infection described by them.) A scat- 
tering of granulocytes was occasionally found, more commonly in the 
hilus and often intermingled with the plasma cells. The reticulum cells 
often appeared increased in number, but this was probably relative, due 
to the disappearance of lymphocytes. A fibrinoid degeneration of the 
supporting reticular framework often appeared in the node, and a similar 
type of degeneration often affected the capsule of the node and the walls 
of nearby vessels. 

Lesions in the surrounding areolar and adipose tissue of the nodes, in 
the subcutaneous tissue, and in the genital omentum and mesentery were 
similar and are described together. Minute areas of necrosis, which were 
not sharply defined and centrally involved all tissue elements, were sur- 
rounded by an infiltration of plasma cells, monocytes, and occasional gran- 
ulocytes (fig.3). Accumulations of similar cells often produced a distinct 
“cuffing” about small vessels, both arteries and veins. Occasionally the 
vessel wall showed fibrinoid degeneration, as mentioned above. 

Spleen.—The spleen generally showed a less severe reduction in lym- 
phocytes than did the lymph nodes and thymus, so that the Malpighian 
bodies were distinguishable. A moderate degree of hematopoiesis was 
present in the pulp. The megakaryocytes appeared normal. The most 
distinctive lesion was fibrinoid necrosis of the Malpighian bodies, affecting 
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the outer portion more severely, and usually sparing the central arteries 
and the immediately adjacent tissue (fig. 4). The lesion sometimes in- 
volved only a few bodies in a section. The necrosis often extended to the 
adjacent pulp, and the capsule was depressed above the lesion. In one 
severely affected spleen, however, every follicle in the section was involved 
in this necrotic process. 

Thymus.—The thymus was also seriously affected. As in the lymph 
nodes, there was an almost complete absence of lymphocytes, so that the 
cortex was greatly reduced in thickness and consisted only of reticulum 
cells. The lymphocytes were relatively more abundant in the medulla 
than in the cortex, a reversal of the normal condition (figs. 5 and 6), such 
as may be seen in later stages of the “alarm reaction.” 

Bone marrow.—The bone marrow of the sternum appeared nearly 
normal in three mice. In two there was considerable hypoplasia, affect- 
ing the erythropoietic elements especially (fig. 7). 

Liver.—The liver appeared normal in two animals. In the other three 
the hepatic cells were vacuolated. No fat stains were done. 

Adrenal gland.—No distinct alterations were found in the microscopic 
sections from the adrenal gland except for a slight dilatation of vessels of 
the medulla. 

Lung.—The alveolar walls were congested, and there appeared to be an 
increased number of leukocytes in the interstitial tissue. This increase 
of cells in the interstitial tissue probably reflected the elevated leukocyte 
count of the peripheral blood. Very few leukocytes were present in the 
alveolar spaces, there was no pneumonic consolidation, and the lesions 
in the lungs were considered to be minimal. 

Other organs.—No significant changes were found in other organs of 
these virus-infected animals. Apparently this process affected the lympho- 
cytes and the lymphatic system selectively. A search was made to deter- 
mine whether the thrombotic lesion in the vessels of the lung was restricted 
to animals with leukemia or whether it was evidence of the virus infection. 
No thrombosis of pulmonary vessels was found in the present group of 
animals, so it seems probable that this lesion was directly associated with 
this leukemic strain. 

3) This group consisted of 10 animals receiving a subcutaneous trans- 
plant of leukemic cells infected by the agent. Seven showed severe effects 
of the virus, with all the lesions described in the preceding group. In 
these animals, little or no evidence of leukemia was found. In 1 case 
especially, only a few cells, leukemic in type, were found in the connective 
tissue of the mesentery (fig. 8) but all other organs and tissues were free of 
such cells. On the other hand, the 3 mice that showed least evidence of 
infection had definite leukemic infiltration in the lymph nodes and spleen. 
Necrotic material in the pulmonary artery was present in 1 animal of the 
1st group, and 1 lymph node in this group had a great number of Russell- 
body cells. This was the only node examined in which these cells were 
strikingly increased. 
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4) This group consisted of five animals examined 5 months after in- 
fection with the virus. After the severe injury to the lymphatic tissue 
was observed in the acute stage of the virus infection, the question was 
raised as to how complete the recovery from such a process might be. 
Mice recovered from the infection were, therefore,examined. No changes 
were found in the lymph nodes, spleen, or thymus that could be ascribed 
directly to the preceding infection, except that one spleen contained a small 
area of fibrosis just below the capsule. Three mice had very small local 
subcutaneous abscesses in the flank. These same three mice showed mod- 
erate amyloidosis of the spleen. The lymph nodes showed slight hyper- 
plasia of reticulum cells, and the involution of the thymus was more ad- 
vanced than was usual for this age group. Occasional masses of lympho- 
cytes, and perivascular lymphocytic accumulations were present in the 
lungs, liver, and kidney. Three animals had calcification of the myo- 
-ardial surface, such as is frequently found in strain dba mice. Altogether 
the mice in this group were not significantly different from strain dba 
mice of the same age, and there was no lesion pathognomonic of the pre- 
ceding infection. 

DISCUSSION 


The conclusion that a self-reproducing, nonbacterial, virus-like agent is 
responsible for the changes observed in this particular subline of acute 
lymphoid leukemia is supported by several observations. Evidence was 
obtained from experiments on serial transfers that there existed a con- 
taminating agent in cell-free filtrates obtained from the transplantable 
leukemic line, and no growth of bacteria in cultures of cell-free filtrates and 
blood from infected animals could be found. It is possible that the virus 
is carried in a latent condition in strain dba mice and was activated in 
rapidly growing leukemic tissue carried in transplant. This seems un- 
likely, however, since at least one other subline of the same leukemia, 
L1210, used here as control material, and two other transplantable lym- 
phomas carried by transplantation in strain dba mice have apparently 
remained infection-free. Furthermore, it seems that the virus is not pres- 
ent in the breeding colony of strain dba mice, since all the mice of this 
strain inoculated with infected leukemic-cell brei or infected with cell-free 
filtrates failed to resist the infection. 

Although a statistically significant lengthening of life of leukemic mice 
bearing subcutaneous implants of the infected subline was obtained, death 
apparently resulted from the combined effects of leukemic cells and virus, 
although virus alone was nonlethal. It appears that a more striking in- 
crease in survival time would be expected using a less concentrated inocu- 
lum of virus because of the severe damage to lymphoid tissue. Titration 
experiments have not been attempted in this study. 

There is no evidence from histologic studies of a specific tropism of the 
virus-like agent described here for leukemic as opposed to normal cells of 
the lymphocytic series or other types of neoplastic cells. It may be 
expected, however, that any neoplasm exhibiting extremely rapid growth 
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would support proliferation of virus most successfully and in consequence 
influence the growth of the neoplasm. 

Certain striking differences exist between the effects produced by the 
contaminating agent described here and the agent found by Taylor and 
MacDowell in a strain C58 transplantable leukemia. The leukocytosis 
that invariably accompanied the acute illness was granulocytic in type in 
contrast to a lymphocytosis observed in the strain C58 leukemia. Severe 
lymphatic atrophy was characteristic of our line L1210, whereas lymphatic 
hyperplasia accompanied the acute infection in line I of Taylor and Mac- 
Dowell. Fibrinoid degeneration of the reticular framework of lymph 
nodes and the surrounding areolar and adipose tissue and of the outer 
portion of the Malpighian bodies of the spleen was found in our mice in 
the acute stages of infection. The only distinct lesions mentioned by 
Taylor and MacDowell were “small lymphoid lesions, both perivascular 
and scattered through the sinusoids” of the liver. Thus it would appear 
that the agents found in the dba and C58 strains are not analogous. Work 
is now in progress at this laboratory to identify the agent described here. 

It has been noted that in carrying tumors by transplantation for pro- 
longed periods of time, the tumor lines do not always behave uniformly 
(9). The reasons for the variable behavior cannot always be explained 
adequately. Most tumor lines have been reported to increase in virulence 
after transplantation, exhibiting a faster growth rate and a reduced sur- 
vival time. This change is sometimes, but not always, correlated with a 
recognizable morphologic alteration. When the morphologic change is 
recognizable, it would seem that a change in the tumor results from selec- 
tion of cells used for transplantation. When a morphologic change is not 
evident, it is probable that spontaneous mutations of so-called histo- 
compatability genes influence the behavior of the tumor (70). It remains 
a distinct possibility that changes in the behavior of a transplantable 
tumor, and its effect on the host, may be due to an extrinsic agent trans- 
mitted with thetumor. Such agents have been infrequently recognized but 
are apparently more common than suspected as shown by Taylor and 
MacDowell in a survey of several transplantable lymphomas (6). In the 
present study the biologic behavior of a transplantable lymphoid leukemia 
was changed by a virus-like agent. The morphologic appearance of the 
tumor cells, however, was unchanged. In this instance the presence of the 
agent was recognized easily because of its severe influence on the host. 
Other contaminating agents, however, may be more difficult to recognize. 

The fact that the contaminating virus so seriously injured the normal 
lymphocyte and influenced the growth and infiltration of the neoplastic 
lymphocyte invites speculation about the usefulness of this approach in 
the therapy of leukemia. Suggestive evidence has been presented by 
Sharpless (5), Turner (3, 4), and Bierman (71) that viral agents may 
affect leukemia, probably favorably. There is no indication, however, 
that the viruses reported as influencing favorably the course of leukemia 
have any other properties in common, and most are impractical for use in 
clinical medicine. 

934617—51—21 
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SUMMARY 


A subline of a transplantable acute lymphoid leukemia in strain dba 
mice has been shown to carry a filtrable, self-propagating, virus-like agent. 
In the early transfer generations the virus produced in strain dba mice a 
nonlethal illness characterized by loss in weight, inactivity, ruffling of 
fur, and labored breathing beginning at 7 days. Accompanying these 
signs of illness was a moderate leukocytosis, due principally to an increase 
of granulocytes. 

Intraperitoneal inoculations of virus-infected leukemic cells reduced 
the mean age at death from leukemia, while inoculations subcutaneously 
increased the mean age at death. 

The virus has been separated from leukemic cells by filtration, and has 
been maintained by serial transfer of cell-free filtrates in dba mice, calling 
forth regularly the typical signs of acute illness. 

Reinfection of recovered animals has been resisted regularly. By 
passing the infected subline through successive hosts that have recovered 
from the illness, the leukemic cells were then apparently freed of the 
virus. 

In later transfer generations of the virus a change in virulence has been 
noted resulting in death of the majority of inoculated animals. 

Extreme reduction of the number of lymphocytes in the lymph nodes, 
thymus, and spleen was observed on histologic examination at the height 
of the infection. Hyaline necrosis in the lymph nodes, spleen, and adipose 
connective tissue was found. Animals inoculated with leukemic cells and 
virus showed remarkably little microscopic evidence of leukemia. 
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PLATE 111 


Ficuge 1. Lung of animal with leukemia L1210. Note thrombosis in a pulmonary 
artery. Hematoxylin and eosin stain. xX 60. 

Ficure 2.—_Lymph node from mouse with virus infection. Note absence of follicles, 
reduced number of cells, and empty sinuses. Collections of plasma cells are present 
in the hilum and around large artery. Hematoxylin and eosin stain. x 110. 
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PLATE 112 
Picture 3.—Subcutaneous areolar tissue from mouse with virus infection. Note focal 
area of necrosis and infiltration of leukocytes in surrounding tissue. Hematoxylin 
and eosin stain. X 55. 
Figure 4.—Spleen from mouse with virus infection. Note necrosis affecting 
Malpighian bodies and adjacent pulp, with depression of overlying capsule. 
Hematoxylin and eosin stain. & 50. 
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PLATE 113 


Figures 5 and 6.—Thymus of a mouse with Virus infection (fig. 5) compared with 


thymus of a normal mouse (fig. 6). 


Note great reduction in width of cortex and 


loss of lymphocytes. More lymphocytes are found in the medulla. Hematoxylin 


and eosin stain. X 110, 


FIGURE 7. jone marrow from mouse with virus infection. Note reduction in number 


of cells. Hematoxylin and eosin stain. 250. 
Ficure 8.—Leukemia L1210 and virus infection. Leukemic cells, many of which are 


necrotic, are present in fat tissue in the mesentery. Such lesions as this were the 


only evidence of leukemia in some 
stain. X 380. 


of these animals. Hematoxylin and eosin 
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TUMOR DEVELOPMENT IN SUSCEPTI- 
BLE STRAIN A AND RESISTANT STRAIN 
L LUNG TRANSPLANTS IN LA F, HOSTS? 


W. E. Heston, geneticist, and THELMA B. DuNN, path- 
ologist, National Cancer Institute, National Institutes of 
Health, U. 8. Public Health Service, Bethesda, Md. 


The influence of genetic factors on tumor development has been demon- 
strated as clearly in pulmonary tumors of mice as in any type of tumor 
(1, 2). Even specific genes have been shown to affect the incidence of 
tumors and the number of tumor nodules occurring in the lungs of each 
animal (3, 4, 5). Despite the clear demonstration of the influence of 
genes, very little has been learned concerning the physiologic mechanisms 
through which the action of the genes becomes manifest. It has not even 
been known whether the genic action was localized in the pulmonary tissue 
or was manifested through some systemic physiologic mechanism indirectly 
effecting the response of the pulmonary cell. Furthermore, little has been 
learned regarding the physiology of pulmonary-tumor development in 
mice that would lead to the answer of the question. Following the dis- 
covery of the important role of hormones in the development of tumors 
of the mammary glands in mice, logical steps of experimentation revealed 
that the action of certain genes controlling mammary-tumor development 
was not limited to the mammary-tissue cell but was manifested through 
the physiology of hormone production. 

An approach to the discovery of the site of action of the genes controlling 
the production of pulmonary tumors was conceived as possible through 
the transplantation of lung tissues from two inbred strains differing in 
genetic susceptibility into a common host where systemic influences would 
be equal. This is possible when the host is the K, hybrid of the two inbred 
strains. If the genic action were localized in the pulmonary tissue itself, 
tumor development in the transplants should be governed by the genotype 
of the transplants. If the action were systemic, tumor development of 
the transplants from the two different sources should be governed by the 
genotype of the host. 

Data presented herein indicate that at least most of the genic action is 
localized in the lung tissue itself. 


STRAINS OF MICE 


The 2 strains of mice used were strain A, which is highly susceptible 
to the development of pulmonary tumors, and strain L (C57 leaden), 


1 Received for publication February 13, 1951. 1057 
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which is highly resistant to the formation of these tumors. These strains 
have been employed extensively in this laboratory in the analysis of the 
inheritance of the pulmonary tumor (7-5). In this former work, it was 
found that in strain A mice the incidence of spontaneous pulmonary 
tumors was approximately 50 percent at 12 months of age and approxi- 


STRAIN L x _ STRAIN A 
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INJECTED 1:2:5:6 —DIBENZANTHRACENE I. V. 


TEXT-FIGURE 1.—Outline of experiment. 


mately 90 percent at 18 months of age. Following the intravenous injec- 
tion of 0.5 mg. of 1,2,5,6-dibenzanthracene into mice of strain A an 
incidence of 100 percent was reached in 6 weeks, and by 16 weeks there was 
a mean of 75 tumor nodules in the lungs of each individual. 

Strain L mice are extremely resistant to the development of pulmonary 
tumors. Only 3 spontaneous tumors of this type have been observed in the 
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history of the strain. In previous studies (7), intravenous injection of 0.5 
mg. of 1,2,5,6-dibenzanthracene into mice of this strain resulted in an 
incidence of only 24 percent of pulmonary tumors and a mean of 0.27 
tumor nodule at 48 weeks following the injection. 


EXPERIMENTAL PROCEDURE 


For hosts of the transplants, 50 male and 42 female LA F, hybrids were 
secured by mating strain L females with strain A males. At 4 weeks of 
age, these hybrids were weaned, individually identified, and segregated as 
to sex in plastic cages with 8 or 9 mice in each cage. Throughout the 
experiment, they were given tap water and pelleted food ad libitum. The 
formula of the food has been published by Morris (6). 

At 5 to 6 weeks of age each hybrid mouse received a transplant of a 
fragment of the lung of a strain A mouse subcutaneously in one axilla and 
a fragment of the lung of a strain L mouse in the opposite axilla. (text- 
fig. 1). The lungs of each strain A or strain L donor were cut with fine 
scissors into about 30 fragments that would fit the 12-gauge trocar used 
for transplanting the tissue. The donor strain A and strain L mice were 
the same sex and age as the host hybrid mouse. Approximately 1 month 
was allowed for the transplants to become established, after which time 
each host animal was injected in the tail vein with 0.5 mg. of 1,2,5,6-diben- 
zanthracene dispersed in 0.5 cc. of horse serum. 

Twelve to 15 months following injection of the carcinogen, all remaining 
animals were killed and the transplants recovered. A few mice had been 
examined earlier, since they were found dead or moribund. The trans- 
plants were found to be approximately the same size as they were at the 
time of implantation, and were identified as distinct masses when the skin 
was excised. The new blood vessels supplying the transplants served as 
an aid in identifying them. These transplants of lung tissue were fixed 
in Tellyesniczky’s fluid (70 percent ethyl alcohol, 20 parts; formalin, 2 
parts; glacial acetic acid, 1 part), embedded in paraffin, sectioned serially, 
and stained with hematoxylin and eosin for histologic examination. At 
the time of autopsy of the hybrid hosts, the number of nodules in their 
lungs was recorded, and sections of them were prepared in the same 
manner for histologic comparison with the transplants. 


HISTOLOGY OF LUNG TRANSPLANTS 


The primary purpose of this experiment was to determine the number 
of neoplasms in the transplants of lung tissue from the two different 
strains, A and L, growing in the F, hybrid hosts. However, many of 
the nonneoplastic reactions developing in this transplanted tissue were 
of interest. Severe inflammatory reactions with abscesses and extensive 
necrosis were rare, but many of the transplants, particularly those of 
strain L origin, showed a process resembling bronchiectasis, with dilatation 
of the bronchi, purulent exudate in the lumen and leukocytic infiltration 
of the wall. In many cases the alveolar tissue had undergone atrophy 
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and gave the appearance of loose connective tissue demarcated by the 
pleural membrane. In other transplants the alveolar spaces were col- 
lapsed. Occasionally the transplants were so heavily infiltrated by 
lymphocytes that they resembled lymphoid tissue. It was concluded that 
this reaction probably represented a proliferation of the lymphoid ele- 
ments normally present in the lung tissue, and not necessarily an in- 
flammatory reaction. Large macrophages filled with brown pigment 
were frequent within the transplant. These macrophages were thought 
to have arisen from the transplant and not by infiltration from without. 

The two lesions of importance in the present study were 1) the pul- 
monary tumor and 2) areas of proliferation of the bronchial epithelium. 


TaBLE 1.—Characteristics by which pulmonary tumors and proliferation of bronchial 
epithelium were distinguished 








comparatively large size, 
and of greater extent than 
original transplant. 


often diffuse. 


Points of comparison | Pulmonary tumor | Proliferation of bronchial epithelium 
| | 
Location........... | Generally at periphery of | Generally central. 
transplant. 
Relation to bron- Usually no connection with | Generally connected with bron- 
chus. bronchus. Occasionally a | chus, as determined by serial 
secondary extension into | sections. 
bronchus. | 
en Rarely multiple. Some of | Involving single or many areas, 
| 





| ere ee Rounded. Often fan-shaped, spreading 
out from a large bronchus. 
eee Compressed tissue, with par- | No encapsulation. 
tial capsule. 
Inflammatory reac- | Variable. Often absent. Often considerable in lung and 
tion. surrounding tissue. 
Cellular structure__-| Identical in structure with | Often columnar epithelium. 
usual pulmonary tumor. Basal location of nuclei. 
Cords of uniform cells, with Frequent ciliated cells, sur- 
cleftlike spaces. rounding circular spaces, con- 
taining granulocytes and marc- 
rophages. 








The pulmonary tumor developing in this material is identical with that 
occurring spontaneously in mice. It has a distinctive morphology. In 
order to distinguish the pulmonary tumor as accurately as possible from 
the proliferative lesions of the bronchial epithelium, a table has been 
prepared to contrast the characteristics by which each lesion was diagnosed 
(table 1). In contrast to the pulmonary tumor, the proliferative lesion 
of the bronchial epithelium was a less distinctive, more diffuse process, 
with gradations from a small focus to large areas composed of cells similar 
to those of the bronchial epithelium. Nevertheless, a tabulation of these 
foci of epithelial proliferation seemed justified, since serial sections were 
studied. The presence or absence of the process, and not the individual 
foci, was tabulated (table 2). 

A series of photomicrographs (figs. 1-6) depicts certain histologic 
features of the pulmonary tumors and the proliferation of bronchial 
epithelium. 
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The histologic features of the proliferation of the bronchial epithelium 
were similar to those found in the guinea pig (7) and in the rat (8) in 
association with chronic inflammation. The lesion in the transplanted 
lung tissue. was proliferative and not neoplastic. The participating 
epithelial cells resembled those of normal bronchial mucosa, and often 
possessed cilia. This lesion also resembled a lesion found in strain dba 
mice (9) usually associated with a bronchiole or alveolar duct, and con- 
sidered to be bronchial dilatation and proliferation associated with inflam- 


TaBLE 2.—Occurrence of tumors and proliferation of bronchial epithelium in lung 
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mation. In the mouse the distinction between bronchi and bronchioles is 
difficult to make even in the intact lung. According to Fekete (10), the 
bronchial tubes in the lung have no cartilage in their walls, and the bron- 


-chiolar epithelium is not ciliated. In the transplanted lung fragments, no 


differentiation between the bronchi and bronchioles was attempted. Since 
ciliated epithelial cells were frequent in the proliferative lesion, it seems 
certain that they were partly, if not entirely, derived from the bronchi. 
When the two distinctive lesions, namely, the lung tumor and the focus 
of proliferation of bronchial epithelium, were characteristically developed, 
there was no difficulty in distinguishing between them. Occasionally 
9346175124 
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lesions were encountered, however, in which the diagnosis was uncertain. 
These have been designated as questionable lung tumor. Although they 
had the cellular morphology of the pulmonary tumor, such lesions were 
small in size, they were sometimes centrally located, and microscopic 
details were obscured by adjacent areas of proliferation of bronchial 
epithelium and inflammatory reaction. 


INCIDENCE OF TUMORS IN THE TRANSPLANTS OF LUNG TISSUE 


The occurrence of tumors and the proliferation of bronchial epithelium 
in the transplants are given in table 2. From the 50 LA F, host males, 48 
strain A and 47 strain L transplants were recovered. Typical pulmonary 
tumors were found in 17 of the strain A transplants and in none of the 
strain L transplants. From the 42 LA F, females, 39 strain A and 37 
strain L transplants were recovered, and typical pulmonary tumors were 
found in 17 of these strain A transplants and in 3 of the strain L trans- 
plants. There was not a significant sex difference. Typical pulmonary 
tumors occurred in 39.1 percent of the strain A transplants and in 3.6 
percent of the strain L transplants, considering the total number of trans- 
plants from both sexes. Thus, much of the genetic differences in suscepti- 
bility of the two strains was revealed in the tumor incidence of the trans- 
plants surviving in the common LA F, host. 

Questionable lung tumors were observed in two transplants from strain 
A donors and in one transpl: xt from a strain L donor. In addition, a 
small nodule arising at the location of one strain A transplant was com- 
posed of an aggregation of mast cells. These cells contained varying 
numbers of granules which stained metachromatically with toluidine 
blue. No lung tissue was recognized among the mast cells at the site of the 
transplant. This mast-cell neoplasm may have arisen independently of 
the transplanted tissue. This lesion was similar to other mast-cell 
neoplasms described in mice by Deringer and Dunn (/1). It is of interest 
to note that the tumors reported by these authors were found in old 
hybrids of crosses between strains A and L mice. Another strain A 
transplant showed a small sarcoma. This was particularly interesting in 
view of the fact that some lung tumors upon metastasizing develop 
sarcomatous areas, and that some have transformed to sarcoma on serial 
transplantation (72). The transplanted tissue from all animals was 
remarkably free from squamous-cell metaplasia. Only one section 
showed keratin in a bronchial lumen. 

In table 2 it will be noted that the bronchial epithelial proliferation 
described in the preceding section occurred in both strain A and strain L 
transplants. It is noteworthy that it occurred more frequently in trans- 
plants from strain L, the strain resistant to lung tumors, than in trans- 
plants from strain A donors. 

As could be expected from earlier results (7), multiple tumors occurred 
in the intact lungs of all the LA F, host mice. The number of nodules 
ranged from 19 to 60 per mouse, and they appeared as typical pulmonary 
tumors of this species. In addition, 1 LA F, female had an hemangioendo- 
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thelioma in the posterior region of the abdominal cavity and 1 male had a 
subcutaneous fibrosarcoma. 


DISCUSSION 


That pulmonary tumors can develop in transplanted lung tissue is an 
established fact. In an attempt to develop a better test for carcinogenesis 
through homologous transplants of minced fetal tissues, Smith (12) 
found typical lung tumors in transplants of strain C fetal lung injected 
along with dibenzanthracene or methylcholanthrene into the thigh muscle. 
Horning (14) has reported tumors of bronchial origin in homologous lung 
transplants treated with crystals of carcinogens at the time of transplanta- 
tion. Without studying his histologic sections, it is difficult to ascertain 
how his material compares with that we have described. The photographs 
suggest a process of proliferation of bronchial epithelium such as we ob- 
served. In the work reported herein, typical pulmonary tumors arose in 
fragments of adult lungs transplanted subcutaneously into mice that later 
were injected intravenously with a carcinogen. 

It is tentatively assumed that the carcinogen aided the appearance of 
these tumors. If this assumption is incorrect, then it must be accepted 
that the transplantation alone enhanced their development, since more 
tumors arose in the transplants than would be expected to arise spontane- 
ously in comparable-sized fragments of the lungs of mice of these strains 
not exposed to a carcinogen. 

Since tumors also occurred in the lungs of the hosts, the possibility that 
those in the transplants were metastases must be considered. This seems 
highly improbable, however, in view of the fact that pulmonary tumors 
rarely metastasize, and no metastases have ever been reported to subcutane- 
ous sites. Moreover, although there were many tumor nodules in the lungs 
of the hosts, they were relatively small, whereas metastases of pulmonary 
tumors have been observed to develop only from large local growths. 

The present study demonstrates how these transplantation procedures 
can be applied to the analysis of the physiologic genetics of this type of 
tumor. In addition to the demonstration of genetic effects and linkage 
studies for which this tumor has proved to be well fitted, an approach is 
now offered toward the localization of the genic action. 

By measuring the difference in degree of susceptibility of strains A 
and L and by measuring the variance in their F, hybrid generation, it has 
been estimated that the two strains differ by at least four pairs of genes 
influencing susceptibility to induced pulmonary tumors (7). The num- 
ber is probably greater. Furthermore, an analysis of the incidence of 
spontaneous pulmonary tumors in the two strains and their hybrids, at 
definite age intervals, indicated that the two strains likewise differed by 
multiple genes in respect to spontaneous pulmonary tumors (2). Later, 
specific genes were shown to influence both the spontaneous and induced 
tumors in the same manner (J, 4, 5). 

The fact that the difference in degree of susceptibility, genetically 
established in the strain A and in the strain L lung tissue, persisted in large 
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part at least when the tissues of the two strains were surviving in a common 
host, indicates that the action of at least most of the susceptibility genes 
by which the two strains differ is confined to the lung tissue. It is to be 
assumed that all the genes would occur in the lung cells, but this would 
not necessarily limit the action of the susceptibility genes to the lung tissue. 
They, likewise, would occur in all other cells, excepting nonnucleated 
cells. Not all genes controlling mammary-tumor development in the mouse 
have their action limited to the mammary tissue. The action of some of 
these genes is manifested through the endocrine system. 

In this experiment, however, there is a slight indication that a minor 
part of the genic influence on pulmonary-tumor development may be mani- 
fested through a general systemic mechanism. The LA F, host may 
have slightly reduced the susceptibility of the transplanted strain A lung 
tissue. From previous work (7) one could expect a strain A mouse in- 
jected intravenously with 0.5 mg. of dibenzanthracene for 12 to 15 months 
to have well over 100 tumor nodules in the lungs. Since each lung trans- 
plant in the present experiment consisted of approximately one thirtieth 
of the complete lungs of the strain A donor, one might have expected 
each of the strain A transplants to have had 3 or more tumor nodules. 
Only 39 percent of these transplants had nodules, however, and in only 1 
transplant was there more than 1 nodule. This result suggests that either 
the maintaining of the transplant in the LA F, host, which is less sus- 
ceptible than strain A, or the transplantation per se resulted in less tumors 
than might otherwise have been expected. The effect of transplantation 
per se is being investigated. 

On the other hand, the LA F, hosts may have slightly increased the 
susceptibility of the strain L lung transplants. In previous work (/) 
only 24 percent of strain L mice injected intravenously with 0.5 mg. of 
dibenzanthracene developed pulmonary tumors, and in only 1 was there 
more than 1 nodule. That animal had 2 nodules. Considering that 
approximately 30 transplant fragments were cut from the lungs of each 
strain L donor, one might have expected even less than the 3 tumors ob- 
served in the strain L transplants. Furthermore, the tumors in the trans- 
plants from the strain L donors were larger than any ever observed in 
strain L mice, which offers additional evidence of a slight effect of the 
LA F, hosts that are more susceptible to the development of pulmonary 
tumors than are mice of strain L. 

The lethal yellow gene, not involved in the study of these two strains, 
has been shown specifically to increase susceptibility to pulmonary tumors 
(4,5). Since it also has an influence upon the growth of the animals, it 
might be expected that its effect upon pulmonary-tumor development 
would be through some systemic action. It will be of interest to see how 
its effect is manifested in lung transplants in a situation similar to that 
reported here. It will also be interesting to make comparable studies in 
respect to other specific genes that have been shown to be related to suscep- 
tibility to pulmonary-tumor development. 
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SUMMARY 


In order to ascertain whether genic action controlling the development 
of pulmonary tumors in mice is localized in the lung tissue or is mani- 
fested through some general systemic mechanism, lung tissues from strain 
A, which is highly susceptible to pulmonary tumors, and from strain L, 
which is highly resistant to pulmonary tumors, were transplanted sub- 
cutaneously into a common host, the F, hybrid of the twostrains. Follow- 
ing the intravenous injection of dibenzanthracene into the hosts, pulmo- 
nary tumors were found in 39.1 percent of the transplants from strain A 
donors and in 3.6 percent of the transplants from strain L donors. Thus, 
a large part of the difference in genetic susceptibility to pulmonary tumors 
of the donor strains was retained in the transplanted tissues, suggesting 
that the action of at least most of the susceptibility genes by which these 
two strains differ is localized in the lung tissue. 

Proliferation of the bronchial epithelium was often found in the micro- 
scopic sections of the transplanted lung fragments. The characteristics 
by which it was distinguished from the pulmonary tumors are given. 
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PLaTEe 114 


Pulmonary tumors in fragments of lung from strain A mice transplanted to LA F, 
hybrids 


FicurRE 1.—Note peripheral location of the tumor on right at a distance from the 
larger bronchi, and note typical histologic picture. Proliferation of the bronchial 
epithelium can be seen between the lung tumor and a bronchus. Hematoxylin and 
eosin stain. xX 110. 

FIGURE 2.—Note coalescing pulmonary tumors. Hematoxylin and eosin stain.  X 110. 
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PLATE 115 


Pulmonary tumors in fragments of lung from strain A mice transplanted to LA F, 
hybrids 


FigtRe 3.—Pulmonary tumor showing evidence of progressive growth into the capsule 
where small spaces lined by epithelial cells are found. Hematoxylin and eosin 
stain. X 110. 

FIGURE 4+.—Comparatively large pulmonary tumor. Remaining lung tissue is notably 
free from inflammatory reaction. Hematoxylin and eosin stain. X 65. 
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PLATE 116 


Proliferation of bronchial epithelium in fragments of lung from strain L mice trans- 
planted to LA F, hybrids 
FIGURE 5.—Several foci of proliferation of bronchial epithelium marked by arrows. 
Note location in central portion and inflammatory reaction in adjacent tissue. 
Hematoxylin and eosin stain. x 90. 
Figure 6.—Small space in an area of proliferation of 
surrounded by ciliated epithelial cells. Hematoxylin and eosin stain. 


the bronchial epithelium 
< 1,500. 
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THE EFFECT OF SUPPLEMENTARY 
CHOLINE ON THE LIVERS OF RATS FED 
p-DIMETHYLAMINOAZOBENZENE *? 


HELEN M. Dyer, National Cancer Institute, National 
Institutes of Health, U. S. Public Health Service, Bethesda, 
Md. 


Supplements of choline and cystine were found by Gyérgy, Poling, 
and Goldblatt (7) to have an inhibiting effect on tumor production by 
p-dimethylaminoazobenzene in a rice diet. Moreover, no tumors ap- 
peared during the experimental period of 175 days in any of their animals 
fed the dye incorporated in a 6- or 18-percent-casein diet supplemented 
with crystalline vitamin-B factors. White and Edwards (2) observed, 
however, that the addition of choline to a yeast-supplemented 6-percent- 
casein diet had no effect upon the final incidence of p-dimethylaminoazo- 
benzene-induced liver tumors in rats. 

It was also found by White and Edwards (3) that the cystine restriction 
of a p-dimethylaminoazobenzene-supplemented diet containing 6-percent 
casein resulted in a prolongation of the latent period and possibly a 
reduction in the total incidence of hepatic tumors when fed to rats ad 
libitum. When the paired-feeding technique was employed by White 
and White (4) cystine deprivation appeared not to lengthen the latent 
period and probably exerted no effect on the total production of hepatomas. 

Other studies pertinent to the relation of the dietary restriction of 
sulfur-containing amino acids or of choline, or both, to the induction of 
hepatomas of the rat by p-dimethylaminoazobenzene have been reported 
by White (5) and by Jacobi and Baumann (6). Voegtlin, Johnson, and 
Thompson (7) and Morris and Voegtlin (8), earlier, investigated the 
effect of dietary restriction of glutathione and of methionine, respectively, 
on tumor growth. 

The present investigation was carried out some years ago to determine 
whether or not choline might be a factor in the inhibiting effects which 
had been reported (9-72) for yeast, liver, rice polishings, and wheat upon 
the production of liver cancers in rats by p-dimethylaminoazobenzene. 
The study was discontinued after 180 days because of the war. The 
results, therefore, give no information on the final incidence of tumors. 
The data are reported because the feeding regimen was carefully followed, 


1 Received for publication February 20, 1950. 

2 This investigation was begun in the department of biochemistry of The George Washington 
University School of Medicine. The author is indebted to Dr. Thelma B. Dunn of The National 
Cancer Institute for the histologic report. 
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the restricted dietary choline was shown to have a significant effect on the 
lipid content of the livers of the dye-fed animals, and liver lesions, 
including hepatomas, did appear during the period of observation. 


EXPERIMENTAL REGIMEN 


In the first series of rats three litters of 8 weanlings each (bred from 
Wistar-strain stock rats) were maintained for 6 months on a basal diet 
of (Labco) vitamin-free casein 18, sucrose 56, salt mixture (13) 4, agar 2, 
and Mazola oil 20 percent. Two dextrin pills containing per pill 10 
micrograms each of thiamine, riboflavin, and pyridoxine, 40 micrograms 
of calcium pantothenate, and 125 micrograms of nicotinic acid, were 
administered daily.2 2-Methyl-1-4-naphthoquinone was incorporated in 
the diet at a concentration of 1 mg. per kilogram. One drop of a mixture 
of halibut-liver oil and Viosterol in Mazola oil, given each rat every 
fourth day, furnished an average daily allowance of 200 Int. units of vita- 
min A, and 20 Int. units of vitamin D. Thirteen animals were fed the 
diet without choline supplements, and the remaining 11 rats were given 
20 mg. of choline chloride daily in the B-complex pills. Six rats in the 
choline-supplemented group and 7 with the unsupplemented basal diet had 
0.06 percent p-dimethylaminoazobenzene incorporated in the food. Thus, 
11 of the 24 rats in this series were maintained as controls to observe the 
effect of the choline supplements uncomplicated by the addition of the 
dye. 

Diet No. 2, employed in a second series, differed from diet 1 only by the 
substitution of 9 percent of the casein by 9 percent of arachin, the arachin 
having been isolated from peanut flour by the method of Johns and Jones 
(14). It is estimated * that, per gram, diet 1 furnished approximately 
0.65 mg. of cystine and 6.3 mg. of methionine, while diet 2 provided 1.22 
mg. of cystine and 3.7 mg. of methionine. 

Twenty rats from 4 litters were used in this second series and they were 
divided into 2 groups, one of 4 control rats without p-dimethylaminoazo- 
benzene and the other of 16 rats with 0.06 percent of the dye in the basal 
diet. Two of the control rats and 8 of the dye-supplemented animals 
received choline supplements. 

The animals were kept in individual metabolism cages with raised large- 
mesh wire-floor screens and they were given the diets ad libitum. Records 
were made twice weekly of food consumption, weight, and the appearance 
of each rat. Analyses for choline were made of the individual constituents 
of the diet and of the whole mixed diet by the colorimetric method of 
Beattie (16) for choline reineckate, and, after acetylation, on strips of rat 
intestine according to the method of Fletcher, Best, and Solandt (17) for 


* We wish to express appreciation to Merck and Co., Inc., for their generous supply of choline 
chloride, and for the crystalline vitamin-B factors, and to the Traders Oil Mill Company of 
Fort Worth, Texas, for their kindness in furnishing us with peanut flour (McMath-Howard 
Process PDP). 

* Calculations for casein based on an average cystine content of 0.36+0.04 percent and an 
average methionine content of 3.5+0.3 percent, and for arachin 1.0+0.2 percent cystine and 
0.6+0.1 percent methionine, as reported by Block and Bolling (15). 
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acetylcholine. Both methods indicated that the diet contained no more 
than a trace of choline (<0.03 mg. per gm.). 

After 6 months the rats were killed. A small portion (approximately 
0.5 gm.) of each liver of the dye-fed animals, taken from a nodule when 
nodules were present, was preserved in 10 percent formalin for histologic 
examination. The remainder of each of these livers and all of each control 
liver were analyzed for fatty acids and total cholesterol by slightly modi- 
fied methods of Stoddard and Drury (18) and Schoenheimer and Sperry 
(19), respectively. 

RESULTS 


Lipid content of livers.—Evidence of an effect of the choline supplements 
with these diets is found in the chemical data (table 1, columns 7 and 8) 
which demonstrate significantly lower fatty acid and cholesterol contents 
of the livers of the choline-supplemented animals than of those of the 
restricted litter mates. This finding is consistent with the lipotropic effect 
of choline first reported by Best and co-workers (20). The chemical 
analyses, however, represent the fatty acid and cholesterol concentrations 
of liver plus nodular material and carcinomas when they were present. 
In many cases in the choline-fed rats there was little normal appearing 
liver tissue present. Kishi, Fijiwara, and Nakahara (2/7) reported that 
hepatoma contained about one-third the amount of total fatty acids found 
in normal liver. It is possible, therefore, except in the case of basal diet 1, 
with no dye, that the lower concentration of fatty acid found in the livers 
of the choline-supplemented animals may have been due, in part, to the 
presence of a larger amount of cancer or precancerous tissue. The livers 
that had the higher content of fatty acid were those that showed 
histologically a high degree of fatty infiltration. 

Since the livers of control animals that received the diets without the 
carcinogen were normal in appearance, except for a slightly yellowish 
color in those of rats on the choline-low diets, histologic examination of 
them was omitted. 

Macroscopic observations on livers of p-dimethylaminoazobenzene-fed 
animals.—At necropsy the livers of the rats fed choline supplements con- 
tained large numbers of firm, whitish nodules, while the livers of the litter 
mates not fed choline had few nodules (table 2). The nodules in some 
livers were small (1 to 2 mm. in diameter), numerous, and regularly dis- 
tributed throughout one or more lobes, and in others varied in diameter 
up to 2 cm. and protruded beyond the liver boundaries. In table 2 is 
indicated the comparative extent of involvement of each liver with respect 
to these nodules. 

In no case was cirrhosis of the liver observed macroscopically. 

Histologic observations on liver of p-dimethylaminoazobenzene-fed 
animals.—The livers of the rats receiving p-dimethylaminoazobenzene 
showed the same histologic features that have been described by Edwards 
and White (22) and by Opie (23). The lesions of most significance have 
been listed in table 2. These were: 
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1. Fatty deposit in the cytoplasm of the parenchymal cells. In extreme 
cases, the cytoplasm of the liver cells was uniformly crowded with fat 
globules, which pushed the nucleus to one side. 

2. Cirrhosis. This was recognized microscopically by the formation of 
fibrous tissue that separated groups of parenchymal liver cells. The 


TaBLE 2.—Morphological changes in lwers of rats fed p-dimethylaminoazobenzene 














Rat Morphologic changes in livers (histologic) 
ant Litter | Diet | en Neoplastic and other changes 2 ~~ 
(No choline supplements) 
29 I a Te 5 eT ete oo oe a ++ 
3c I 1 | 0, cysts B. D. P., cystic areas. .__-_- +ti4t4 
119 II 1| ++ if) _ +++ 
12¢ II 1/ ++ B. D. P., cystic areas_..-_- +4++4+ 
20° III 1] ++ We Oe i iecaictacacwaee sense ++++ 
19¢ III 1}; + RS Se eee ++++ 
21d III 1] ++ SR eee ae ++++ 
439 V 2/;+ Carcinoma, B. D. P., cirrhosis se 
429 V 2;0 Several hyperplastic nodules, ++++ 
cirrhosis 
509° VI 2;+ B, DF... eres... --5- ++4++4+ 
51o VI 2/0 So Se +4+4+4+ 
53a VI 2) ++ Hyperplastic nodules, cir- ++++ 
rhosis 
56 9 VII 2);+ ee a | +++ 
57¢ VII 2/|0 Ose he ins conassaecneewencs + 
(With choline supplements) 
79° I 1] ++ No significant lesion__-_-_--_-- 0 
8a I 1} ++ No significant lesion-._____- 0 
159 II 1) ++++4++4 | Carcinoma..___..---------- 0 
160 II 1} +++++4 | Carcinoma, B. D. P____--_--_- 0 
yr wee III 1); +++++ | Extensive B. D. P___-__._-_- 0 
250 III 1} +++++ | Carcinoma, B. D. P_-.-----_- 0 
449 V 2/}++ Carcinoma, B. D. P., cirrho- _ 
sis 
469 VI 2/} +++++ | Sections missing__-....._._- 
48 9 VI St et ee FOB Be Bccncweccwaccnncnse + 
450 VI 2/0 a eee a 
4797 VI 2); ++ No significant lesion-._____- + 
499 VI 2); +++++ | Carcinoma, B. D. P__--_---- 
549 VII 2} +++++4+ | Carcinoma, B. D. P_-__----- 0 
550 VII 2} +++++ | B.D. P., cirrhosis......_..- + 

















1 Nodules: +=few in one lobe; ++=moderate number in two lobes; +++++=liver filled with nodules. 
3B. D. P.: bile duct proliferation. 


3 Degree of fatty deposit: +=trace; +, ++, +++, ++++=relative numbers of areas involved. 


cirrhosis in these animals was generally mild, and it was not observed 
macroscopically. 

3. Cystic areas. These were collections of multiple small cysts lined 
by a single layer of flat or cuboidal epithelium. 

4. Bile duct proliferation. This lesion was particularly studied by 
Edwards and White. Small circular and tubular spaces lined by a single 
layer of cuboidal epithelium were separated by varying amounts of new- 
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formed connective tissue. Where such lesions reached the capsule, the 
surface was depressed, and there was no suggestion of increasing bulk or 
neoplastic growth. The process varied considerably in extent, in some 
cases involving only the portal areas, and in other cases replacing large 
areas of liver parenchyma. 

5. Hyperplastic nodules. These were small areas composed of liver 
cells that were larger in size and often more heavily stained than surround- 
ing normal cells. They represented either early hepatomas or areas of 
regenerating liver tissue. They differed from frank carcinoma in the 
small area involved and relatively normal appearance of the cells. 

6. Carcinoma. This term was used to include all neoplastic processes 
whether of liver-cell or bile-duct-cell type. The majority were hepatomas 
composed of solid groups of cells resembling liver cells, but others formed 
glandular structures. 

When these lesions were tabulated for the 2 groups (table 2) it was 
found that fatty deposits in the liver cells were more frequent in animals 
without the choline supplement. Only 1 carcinoma occurred in this group 
of 14 rats, however, while 6 were found in the group of 13 rats with the 
choline supplement. 

Bile-duct proliferation was observed as frequently in the livers of the 
noncholine-supplemented rats as in those of the choline-supplemented 
animals with both diets. 

Histologically, liver cirrhosis was found in 9 of the rats on the casein- 
arachin diet (No. 2), and twice as frequently in those without choline as 
in those receiving choline supplements with this diet. No cirrhosis was 
observed in the livers of rats receiving the casein diet (No.1). 


SUMMARY 


Six months after the beginning of the experimental period, during 
which rats were maintained on choline-restricted diets containing p- 
dimethylaminoazobenzene and 18 percent casein, or 9 percent casein plus 
9 percent arachin, the livers of animals that received choline supplements 
contained approximately one-third the amount of fatty acids and two- 
thirds of the cholesterol of those of nonsupplemented litter mates. 

Macroscopically, striking differences were observed between the livers 
of the animals with and without supplementary choline. The livers of 
the choline-supplemented rats were enlarged, and they contained numerous 
firm, white nodules, usually involving the entire organ. Histologically, 
bile-duct proliferation was observed as frequently in the livers of the 
choline-restricted rats as in those receiving supplementary choline. 

Carcinoma of the liver was present in 1 of 14 rats that received the basal 
diet only and in 6 of 13 litter mates that received the basal diets with sup- 
plements of choline. This difference in the numbers of livers having car- 
cinomas after 180 days with and without dietary choline cannot be inter- 
preted as indicating the possibility of an effect of choline restriction upon 
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the final incidence of hepatomas. The appearance of carcinoma in 1 liver 
of the 14 rats on the choline-restricted diet shows that tumors can occur 
under the dietary conditions without choline supplements. 

Although the number of animals is small, the results suggest that the 
period of induction of liver tumors by p-dimethylaminoazobenzene is 
longer in the rats maintained on the restricted diets than in those receiving 
the choline supplements. 
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